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Do acupuncture points exist?

Xinyi Zhang'?, Xiaohui Yan'? Chenglin Liu'’, Yuan Zhang', Dongming Zhang', Junyao Huang',
Guanghong Ding”, Yuying Huang®, Wei He", Peiping Zhu', Shigiang Wei’, Zhiyun Pan’, Ruishan
Dang®, Masami Ando’, Hiroshi Sugiyama®, Hiroyuki Oyanagi’, Huansheng Chen'

1 Physics Department, Surface Physics Laboratory (State Key Laboratory), and Synchrotron Radiation
Research Center of Fudan University, Shanghai

2 Shanghai Research center of Acupuncture and Meridian, Shanghai
3 Physics Department of Yancheng Teachers’ College, Yancheng

4 Beijing Synchrotron Radiation Facility, Beijing

5 National Synchrotron Radiation Laboratory, Hefei

6 Second Military Medical University, Shanghai

7 DDS center, Research Institute for Science and Technology, Tokyo University of Science, Yamasaki
2541, Noda, Chiba 278-8510, Japan

8 Photon Factory, Institute of Material Structure Science, High Energy Accelerator Research
Organization, Oho 1-1,Tsukuba, Ibaraki 305-0801, Japan

9 National Institute of Advanced Industrial Science and Technology, Japan

10Institute of Modern Physics, Fudan University, Shanghai

Abstract

There are specific acupuncture points on the surface of the human body. Although these
points can be used to monitor the health of an individual and restore the health through
stimulation of these points, the existence of these special points is always oppugned. In this
work, three different synchrotron-based methods were used to study the characteristics of
acupuncture points in order to prove their existence.

First, the topographic structures of acupuncture points were investigated by using the phase
contrast imaging. Seven acupuncture points were studied: Waiqiu, Sanyinjiao, Neiguan,
Guanyuan, Zusanli, Tianshu and Shangjuxu. We have found that at least at five acupuncture
points (Waiqiu, Sanyinjiao, Neiguan, Tianshu and Zusanli) there exists the accumulation of
microvessels. The images taken in the surrounding tissue out of the acupuncture points do
not show such kind of structure.

Secondly, we used synchrotron x-ray fluorescence analysis to probe the distribution of four
chemical elements in and around acupuncture points, two located in the forearm and two in
the lower leg. Three of the four acupuncture points showed significantly elevated
concentrations of elements Ca, Fe, Cu and Zn in relation to levels in the surrounding tissue,
with similar elevation ratios for Cu and Fe. The mapped distribution of these elements
implies that each acupuncture point seems to be elliptical with the long axis along the
meridian.

Thirdly, using the X-ray absorption fine structure (XAFS) to study the local structures of
Zn and Fe in acupuncture points, we find that the coordinate situations are different in or
out of the acupuncture points.
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Transport properties of graphene nanoribbon junctions: an ab

initio point of view

JiE.
Gen Yin, Yunye Liang, Feng Jiang, Hao Chen
Physics Department, Fudan University, Shanghai 200433, P. R. China

Abstract:

With the stunning development of electronic technology, traditional Silicon based devices has already encountered
the scale limitation. Molecular electronic device is a qualified option for future development, and has already aroused
worldwide attention both in academic and industrial fields [1] [2]. Graphene, with ultra high carrier mobility and thermal
stability, is considered to be a probable basic material for future devices [3]. Combining the well developed
nonequilibrium green’s function method (NEGF) with DFT package of chemical software GAMESS(US), it is practical
and applicable to examine transport properties of graphene based devices, investigate graphene-organic molecule
combined junctions, and evaluate the possibility to apply graphene nanoribbons as integrated circuit connections.
NEGF-DFT is a convenient method to design and predict various functional graphene based electronic devices such as
transistors, switches, and highly efficient storage units [2] [4] [5]. In this talk, a detailed first principle calculation
implement will be presented, and its validity will be demonstrated with a calculated transmission function of a zigzag
edged pure graphene nanoribbon, matching with the band structure calculated with both tight bonding approximation (TB)
and periodical boundary condition (PBC). Transport properties of organic molecule junctions contacted with semi-infinite
graphene nanoribbons will also be investigated. External electric field effect of graphene nanoribbon edge defects will be
presented in the end.

Outlines:

1, Modeling and algorithms (contour integral, surface green’s function self-consist calculation, and landauer-Buttiker formalism)

[Lo——

frwlew.
e ol

St Gl frey

. Left: PBC band structure with a cell contains two armchair carbon layers (Gaussian03)
$5 Right: Band structur calculated from tight bonding approximation (Gamess-US)

3, Transmission function of zigzag edged graphene nanoribbon

4, Organic molecule junctions



5, Electrostatic field effect of edge defects
References:
[1] Xiaolin Li, Xinran Wang, Li Zhang, Sangwon Lee, Hongjie Dai, Science vol. 319 29 Feb, 2008
[2] Qimin Yan, Bing Huang, Jie Yu, Fawei Zheng, Ji Zang, Jian Wu, Bing-Lin Gu, Feng Liu, and Wenhui Duan
Nano Lett., 2007, 7 (6), 1469
[3] Novoselov, K.S. et al. Science 306, 666 (2004)
[4] Luis A. Agapito* and Hai-Ping Cheng J. Phys. Chem. C 2007, 111, 14266-14273
[5] Lemme, M. C. et a. IEEE Electron Device Letters 28, 282 (2007)
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Magnetic structures and spin filtering effect in pure and

nitrogen-doped carbon atomic wires

B
Z.Y. Li', W. Sheng', Z. Y. Ning?, Z. H. Zhang?, Z. Q. Yang', and H. Guo?
! Surface Physics Laboratory (National Key Laboratory), Fudan University, Shanghai, 200433, China
2Center for the Physics of Materials and Department of Physics, McGill University, Montreal, Quebec, Canada H3A 2T8

3School of Physics and Electronic Science, Changsha University of Science and Technology, Changsha 410076, China

From ab initio calculations, interesting magnetic behaviors are found in pure and
nitrogen-doped carbon atomic wires. Magnetic moment of 2ug is obtained in wires with
even number of carbon atoms, while the spin polarization disappears in the odd-numbered
wires. Doped with one or two nitrogen atom(s), the wires exhibit spin-density-wave-like
states. These magnetic behaviors can be rationalized through bonding patterns and unpaired
states. After the wires are sandwiched between Au electrodes, perfect spin filtering effect is
found by stretching slightly the wires. Our findings should be useful for exploring
applications of spintronics in nanoscale carbon-based systems.



Unusual band-gap and band-edge bowing of SnGe alloy
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A theoretical model on organic magnetic field effect

P58
Yao Yao and Chang-Qin Wu
Surface Physics Laboratory and Department of Physics, Fudan University, Shanghai
200433, China

We have studied the spin related exciton generation under magnetic field in organic light
emitting devices, which is merely roughly discussed before. Our work provides an overall
description on magnetoelectroluminescence, which may stimulate further studies on
organic magnetoresistance.

There are two steps in the process of exciton generation (see figures below): |. formation
of germinate electron-hole pair from free carriers; Il. generation of exciton from
electron-hole pair. Under magnetic field, two different mechanisms, spin scattering and spin
mixing, dominate in step | and I, respectively. From our theoretical calculations, we find
spin scattering will be mainly influenced by magnetic field which is comparable with
hyperfine interaction, while spin mixing will be influenced when magnetic field is beyond
hyperfine interaction. On the other hand, we also consider the quantum intermolecular
correlation effect, described by hopping rate, which is the key factor of mobility, and find it
has a universal influence in both steps. From our theoretical study, we predict two
phenomena in MEL: 1) The decay of MEL under high field may be observed by getting
sufficiently small intramolecular Coulomb repulsion; 2) The generation of singlet excitons
are significantly influenced under low magnetic field, while few changes happen to triplet

excitons.
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Flat metallic surfaces coated with periodically textured dielectric layers: a

promising plasmonic system

Jian Zi
Department of Physics, Fudan University, Shanghai 200433, P. R. China

Plasmonics that relies on surface plasmon-polaritons (SPPs) is an emerging field of
photonics. SPPs are charge density oscillations at metal/dielectric interfaces. Owing to the
subwavelength and low dimensionality nature, highly complex miniaturized SPP-based
photonic devices could be accomplished by controlling and manipulating light on
nanometer scales.

In this talk, we will show some of our recent theoretical and experimental results of
SPPs on flat metallic surfaces coated with periodically textured dielectric layers, such as
SPP band structures and band gaps, SPP-based waveguides, negative refraction of SPPs,
and directional enhanced fluorescence emission. Our results show that flat metallic surfaces
coated with periodically textured dielectric layers manifest a promising plasmonic system.
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Proper Scaling of the Anomalous Hall Effect

Xiaofeng Jin
Physics Department, Fudan University, Shanghai 200433, China

The anomalous Hall effect is one of the most prominent phenomena existing in magnetic
materials. It has remained unsolved for more than a century because its rich phenomenology
defies the standard classification methodology, prompting conflicting reports claiming the
dominance of various processes. Working with epitaxial films of Fe, we succeeded in
independent controls of different scattering processes through temperature and layer
thickness. The resulting data appropriately accounted for the role of phonons, thereby clearly
exposing the fundamental flaws of the standard plot of the anomalous Hall resistivity versus
longitudinal resistivity. A new scaling has been thus established that allows an unambiguous
identification of the intrinsic mechanism as well as the extrinsic mechanisms of the
anomalous Hall effect.
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Novel Electronic Structure Induced by a Highly Strained Oxide

Interface with Incommensurate Crystal Fields

H. W. Ou'?, J. F. Zhao'?, Y. Zhang'?, B. P. Xie'%, D. W. Shen'?, Y. Zhu', Z. Q. Yang', J. G. Che', X. G.
Lu03, X. H. Chen3, M. Arita4, K. Shimada4, H. Namatame4, M. Taniguchi4, C.M. Chengs, K. D. Tsueis,
and D. L. Fengl’z*

1Department of Physics, Surface Physics Laboratory (National Key Laboratory), Fudan University,
Shanghai 200433, P. R. China
?Advanced Materials Laboratory, Fudan University, Shanghai 200433, P. R. China
Hefei National Laboratory for Physical Sciences at Microscale and Department of Physics,
University of Science and Technology of China, Hefei, Anhui 230026, P. R. China
“Hiroshima Synchrotron Radiation Center and Graduate School of Science,
Hiroshima University, Hiroshima 739-8526, Japan
*National Synchrotron Radiation Research Center, and Department of Physics,
National Tsing-Hua University, Hsinchu 30077, Taiwan, Republic of China

Abstract

The misfit oxide, Bi;Ba; 3K C02.107.94, made of alternating rocksalt-structured [BiO/BaO]
layers and hexagonal CoO, layers, was studied by angle-resolved photoemission
spectroscopy, revealing the electronic structure of a highly strained oxide interface. We
found that low-energy states are confined within individual sides of the interface, but
scattered by the incommensurate crystal field from the other side. Furthermore, the high
strain on the rocksalt layer induces large charge transfer to the CoO, layer, and a novel

effect, the interfacial enhancement of electron-phonon interactions, is discovered.
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Anisotropic diamagnetic Kepler Problem in solid state environment

Ja

Optical and plasmonic metamaterials
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Structure transition of polymer-mediated colloidal crystals

Chunrui Han et al.
Supervisor: Luwei Zhou

Department of Physics, Fudan University, Shanghai 200433, China

We experimentally demonstrate a novel method for fabricating colloidal crystals with abundant
controllable crystalline structures by using free polymers and polymer brushes. We reveal that, with an
increasing mass ratio of colloidal particles to free polymers, the crystalline structures undergo a series of
transition in a controllable manner from amorphous, to polycrystalline, to columnar, to mixed
square-hexagonal, to dense square, to mixed hexagonal-square, and to hexagonal structures. The optical
reflectance spectrums of hexagon and square structures have been measured respectively. There are two
peaks observed, one is corresponding to the square structure, the other is corresponding to the hexagon
structure. The R-soft simulation has shown that the square structure is body-centered tetragonal structure
and the hexagon structure is the face-centered cubic in three dimensions.

According to recent theoretical simulations by Ren and Ma, we understand that such controllable
structures appear due to two important interactions: one is the steric packing effect of colloidal particles;

the other is entropic effect of the polymer brushes.
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Dissociation of excitons in the C60 Im studied by
transient photovoltage measurements
Xiaoyu Sun
Abstract
The dissociation of excitons at indium tin oxide (ITO)/Ceo inter-face is studied by means of
transient photovoltage measurements. An abnormal polarity change of transient
photovoltage from positive to
negative upon pulsed laser irradiation is observed, indicating that the exciton dissociation at
ITO/Ceo interface results in holes injected into ITO and electrons left in the Ceo "Im, opposite
to that occurring at ITO/NPB and ITO/CuPc interfaces. It is con rmed that Ceo has a
moderately strong ability of donating holes to ITO during the dissoci- ation process of the
excitons at the ITO/Ceo interface. Moreover the long term transient photovoltage (//710ns)
and its polarity can be tuned by applying external bias on the device, which further proves
the validity of the model proposed to explain the polarity change of the transient

photovoltage.
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Nonlinear optical properties and ultrafast dynamics of undoped

and doped bulk SiC

TE5
Jinliang Ding™”, Yaochuan Wang, Hui Zhou, Qiang Chen, Shixiong Qian®"
a) Physics Department, Fudan University, Shanghai 200433, People’s Republic of
China
b) Surface Physics Lab (National Key Lab), Fudan University, Shanghai 200433,
People’s Republic of China

Ultrafast third-order nonlinear optical response of the undoped and doped with
different nitrogen concentrations 6H bulk silicon carbide (SiC) were investigated utilizing
femtosecond (fs) Z-scan and optical Kerr effect (OKE) techniques at the wavelength of 800
nm. In addition, the energy relaxation dynamics of SiC samples were studied by fs
multiple-wavelength pump-probe technique. The Z-scan measurement showed that the
third-order nonlinear optical susceptibilities of the doped samples are improved in
comparison to the intrinsic sample. The OKE results additionally reveal that the
instantaneous nonlinear optical response of the samples can be ascribed to the distortion of
the electron cloud. The ultrafast transient spectroscopic measurement demonstrates the
ultrafast recovery processes which are induced by two photon absorption(TPA) in the single
color pump-probe experiments, and the slow relaxation components emerge under the
excitation at bandgap.

16



Direct Observation of Chaos Induced Level Repulsion Effect in

an Artificial Hydrogen System
Je i

Weihang Zhou!, Zhanghai Chenl’z*, Bo Zhangz, C.H. Yuz, Jingbing Zhuz, Wei Luz, S. C. Shen>'*

1. Surface Physics Laboratory, Department of Physics, Fudan University, Shanghai 200433, P. R.
China

2. National Laboratory for Infrared Physics, Shanghai Institute of Technical Physics, Chinese

Academy of Sciences, Shanghai 200083, P. R. China

Abstract:

The analog of the hydrogen atom in solid state environment is realized by phosphorus
doping in ultra-pure single crystal silicon. We study the bound impurity levels by means of
high-sensitivity and high-resolution photo-thermal ionization spectroscopy techniques. The
quantum chaotic dynamics of the impurity electrons is studied through level statistics
approach. By scanning the magnetic field dependence of the level statistical features, we
report the first experimental observation of the chaos-induced level repulsion effect in an

artificial hydrogen system. The anisotropic properties of the system are also studied.
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Electronic structures in Eu,_La,Fe,As,
JH
B. Zhou, Y. Zhang, L.X. Yang, H.W. Ou, J.F. Zhao, J. Wei, M. Xu, C. He, F. Chen, T.

Wu, G. Wu, M. Arita, K. Shimada, H. Namatame, M. Taniguchi, X.H. Chen, and

D.L. Feng

ABSTRACT

We report the high resolution angle-resolved photoemission spectroscopy (ARPES) studies
of electronic structures of EuFe;As,, which is one of parent compounds of iron-based
superconductors. EuFe;As; has a Spin Density Wave (SDW)/structural transition at
Ts=188K due to the magnetic ordering of Fe’”, and another antiferromagnetic transition at
Tn=20K due to the ordering of Eu*". In SDW state, our results show the band splitting,
folding and hybridization, however, no gap formed at Fermi level is observed. Across Ty,
no observable change within the energy resolution is observed, suggesting the interaction
between the d electrons of Fe and the magnetic moments of Eu”" is weak.

18



Er Si $£#8 Zn0 R 1. 54 pm & GHF R R
Euﬂ‘l 17 ﬂ:’éia 17 %/%_K 27 E{g%ﬁi 1

1 EBEXFRAEAVEBERESILWNE, LiF 200433

2 tBXFIEFRYIEZR, L£iF 200444
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Quantitative study on the magnetic anisotropy in

FeMn/Co/Cu(001) system

R
ELES

Sk Bk — RAR R 6 R ARADSAE ) R IFENFE R X e B I % (exchange bias) 49
k4EZ —, AR ZIHESRTETOOBKNAE, —AA, aTEMHEGE
e LEM Fa R LE A, SPREA KOG T LR M) O - RSR R IR M), 454 Co/FeMn
IR %, RAFR kAR SRS N AN G AR R . RPT A 4=, 344 Co/Cu(001) 4K
ZEAA W EARGREHEG T, EhMmr@mA 11015, 22 ZBELN ", £
FeMn/Co/Cu(001) 4% ¥, 4 FeMn W) AESADE A REkFEAN, Co REoE F 04 RE4E 77
B A [110] 7 & 484 [100] 7 &),

et RE R E R (Rotation Magneto—optic Kerr effect, a4k RotMOKE) =T
Ak ZmE FeMn/Co BIEF 9@ ML e ., RN ZHLEREA, £
FeMn/Co/Cu (001) 4k % %4 FeMn 44 & 4 R4kAE SR, 10ML Co MR a9ve B &R 71+ 5
o w) b [110] %5 3 [100] . % 4, #& Co/Cu(001),FeMn (PM) /Co/Cu(001) #=
FeMn (AFM) /Co/Cu (001) 4Rk & ¥, BAVIEE T Co SR HEE G F AL K INLE Co FIE 89
TR 1/de X F . AR T 0 NS TG T, BPddibi7E]
FeMn A A AR 2% 4 R A RS 69 ol S0 etk 04 £ F KD, 45 B) TR AT MR X —
IR A 0 IRABEAEA .

e
1) W. Kuch, F. 0ffi, L.I. Chelaru, M. Kotsugi, K. Fukumoto, and J. Kirschner, Phys. Rev.
B 65, 140408 (2002)

2) C. Won, Y. Z. Wu, H. W. Zhao, A. Scholl, A. Doran, W. Kim, T. L. Owens, X. F. Jin,
and Z. Q. Qiu, Phys. Rev. B 71, 024406 (2005)
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Two Rules on Protein-Ligand Interactions
Xiaodong Pangl, 27, Linxiang Zhoul T, Lily Zhang3, Lina Xu3 & Xinyi Zhangl, 2*

i 2

Understanding the ruling principles of interaction between a target protein and a ligand is of
paramount importance in drug discovery efforts. So far, in finding a real ligand for a given target protein,
we are limited to experimental screening from a large number of small molecules, or through free energy
calculation of assessing a ligand. However, we still lack a clear molecular mechanism to explain the
protein-ligand interactions on the basis of electronic structure of a protein and guide novel molecules
designing. Here we report two rules on the protein-ligand interactions using the full electronic structure
calculation of a protein along with the perturbation theory of the interaction between two wave functions
and the pocket calculation. One rule is the interaction only occurs between the lowest unoccupied
molecular orbitals (LUMOs) of a protein and the highest occupied molecular orbital (HOMO) of its
ligand, not between the HOMOs of a protein and the LUMO of its ligand. The other rule is only those
residues or atoms located both on the LUMOs of a protein and in a surface pocket of a protein are
activity residues or activity atoms of the protein and the corresponding pocket is the ligand binding site.
Complexes FKBP12/FK506 and CypA/CsA were employed to validate our two rules. Results we
obtained are in good agreements with experiments. These two rules are supposed to be new tools of drug
design.

1Surface Physics Laboratory (National Key Laboratory), Department of Physics, Fudan University,
Shanghai 200433, China.

2Synchrotron Radiation Research Center, Fudan University, Shanghai 200433, China.

3Department of Electrical and Computer Engineering, Rice University, Houston, TX77005, USA.
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Understanding the Folding of a Small RNA Hairpin: A Replica

Exchange Molecular Dynamics Study
et
P o
The folding of a small RNA tetraloop hairpin is studied based on intensive molecular

dynamics simulations, aiming to understand the folding mechanism of this small and fast
RNA folder. The simulation results demonstrate that this RNA hairpin has very complicated
folding behavior in spite of its small size. The folding transition has very low cooperativity,
and the corresponding melting temperature is around 310K, which is consistent with
experimental observation. Instead of a two-state folding, four major states are observed,
including the native state, the intermediate, the unfolded state, and the misfolded state.
Two folding pathways, passing through different substates of the intermediate, are observed
during the folding transition. The pathway with the inboard basepair formed before the
terminal one is more significantly populated compared with its counterpart. The
misfolded state is compact and very stable, with rich nonnative hydrogen-bonds.
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Fractal plasmonic metamaterials for subwavelength imaging

Xueqin Huang*, Shiyi Xiao, and Lei Zhou
Abstract

Surface plasmon polaritons (SPPs) are elementary electromagnetic (EM) excitations
bounded at metal/dielectric interfaces, and attracted considerable attention recently. For a
natural material, its plasmon frequency (@, ) is fixed by the electron density, so that many
SPP-based applications only work at a single frequency. Recently, people showed that
Bragg scatterings can modulate the SPPs significantly, and found high optical transmissions
in a silver film drilled with periodic holes [1]. However, the Bragg mechanism can not
change the @, of a material. In 2004, Pendry et al. demonstrated that a metallic plate with
periodic square holes can mimic a plasmonic metamaterial in terms of SPP properties.
However, to make the idea work, one has to fill the holes with high-index materials [2],
which is not easy to realize in practice, particularly at higher frequencies. Very recently,
Shin et al. [3] showed that high-index insertion is not necessary if the square holes are
replaced by closely packed narrow rectangle holes with cross sections. However, the
generated SPPs on such structures only have transverse-magnetic (TM) polarization
traveling along one direction.

We show that a metallic plate with fractal-shaped slits can be homogenitized as a
plasmonic metamaterial with plasmon frequency dictated by the fractal geometry. Owing to
the all-dimensional subwavelength nature of the fractal pattern, our system supports both
transverse-electric and TM surface plasmons. As a result, this structure can be employed to
focus light sources with all-dimensional subwavelength resolutions and enhanced field
strengths. Microwave experiments reveal that the best achievable resolution is only A/15,
and FDTD simulations demonstrate that similar effects can be realized at infrared
frequencies with appropriate designs.

[1] T. W. Ebbesen et. al., Nature 391, 667 (1998).
[2] J. B. Pendry, L. Martin-Moreno, F. J. Garcia-Vidal, Science 305, 847 (2004).
[3] Y. Shin, et al., Phys. Rev. Lett. 99, 147402 (2007).

*Presenting author, Email: xghuang@fudan.edu.cn
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Resonance-induced extraordinary transparencies of waveguides

at cutoff: a tight binding study

R

% © We employ a tight binding method (TBM) to explore the underlying physics behind
the unusual transparency in metamaterial-loaded waveguides. Adopting appropriate
hopping parameters, we find that the TBM quantitatively explained many interesting
phenomena discovered previously by brute-force numerical simulations and experiments,
including the number and positions of the transmission peaks, the parities of wave
functions, the band width and the group velocities of the transmission bands, and the

defect modes, ect.
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Bragg Diffraction in Thin Two-Dimensional Gratings
] 358

Qiong He,1,2,3 Isabelle Zaquine,1 Gerald Roosen,2 and Robert Freyl,2, Lei Zhou3
1Institut TELECOM/Télécom ParisTech, Laboratoire de Traitement et de Communication
de I’'Information, CNRS,
46 rue Barrault, 75634 Paris cedex 13, France
2Laboratoire Charles Fabry de I’Institut d’Optique, Institut d’Optique Graduate School,
CNRS et Université Paris Sud, Centre Scientifique Paris Sud, Bat 503, 91403 Orsay cedex,
France
3Surface Physics Laboratory (State Key Laboratory) and Department of physics, Fudan
University, Shanghai 200433, P.R China,
Corresponding author: gionghe@fudan.edu.cn, Phone: 0086-21-55665229
Abstract: Highly improved diffraction properties are demonstrated theoretically and
experimentally in a two-dimensional grating formed by a thin transmission grating recorded
in a Bragg reflector at the band edge of the reflection grating.
Summary: The optical signal processing requires compact and effective device with a
good selectivity. The solution suggested here consists of the association between a thin
transmission grating and a reflection grating or a Bragg mirror, with triple advantage at the
band-edge of the device to obtain diffraction efficiency strongly amplified, a wavelength
selectivity largely improved and Bragg diffraction regime. This principle was implemented
in a transmission grating recorded in a Bragg mirror deposited on another mirror of Bragg.
A very simple model employing a generalized 4x4 transfer-matrix method (TMM) has been
developed to describe the diffraction properties of the 2D photonic crystal [1]. The design
was validated by the experimental achievement of a transmission grating recorded in a
semiconductor Bragg mirror (CdMgTe/CdMnTe) deposited on another Bragg mirror. The
experimental setup was shown in Fig.1. Figure 2 shows bother the read beam reflectivity
spectra recorded at high write fluence and in the linear regime with no write beams [Fig.
2(a)] and the net diffraction efficiency spectra of this read beam for the -1 and +1
diffraction orders [Fig. 2(b)]. The experimental results are in good agreement with
numerical calculations resulting from the analytical model [2]. The comparison with the
equivalent transmission gratings recorded in a homogeneous medium demonstrated the
huge improvement in the diffraction properties when the read beam wavelength and
incidence correspond to the band edge of the reflection grating or the Bragg mirror and
satisfy the transmission grating Bragg condition: a huge enhancement of the diffraction
efficiency (a factor of 40), a largely improved wavelength selectivity (a factor of 7060), and
a Bragg diffraction regime with only one diffraction beam counter-propagating the read

beam with a total thickness of 2.44 m. These results are very encouraging for the

applications of optical signal processing: diffraction efficiencies very close to 100% can be
obtained as well as high wavelength selectivity and a Bragg diffraction regime, despite the
very small thickness of the

sample and the low index modulation of the transmission grating.

[1] Qiong He, et al, J. Opt. Soc. Am. B. 26, (2009) 390-396
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[2] Qiong He, et al, Opt. Letts. 33, (2008) 2868-2870.
Fig. 1. Experimental setup Fig.2. (a) Reflectivity and (b) diffraction efficiency spectra.
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Anomalous Hall Effect in Cobalt ultra-thin film
ik

Anomalous Hall Effect (AHE) in ultra-thin cobalt film is explored experimentally. Fcc
phase of cobalt is stabilized on MgO(111) substrate, and hall bars of different thickness are
defined by photo lithography to carry out transport measurement. By varying film thickness
and temperature, the dependence of anomalous hall conductivity and longitudinal
conductivity is observed. It is shown that at high temperature limit, the conductivity of
films of wvarious thickness merge to a universal point, which indicate an intrinsic
contribution. Below 2nm, the longitudinal conductivity reaches maximum at some
temperature and then rise in lower temperature range. This may indicate some
weak-localization process happens in thin film limit.
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Email: zmjiang@fudan.edu.cn
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Local atomic structure in acupuncture points studied by Fe
K-edge EXAFS
5K 2]

Abstract

Traditional Chinese acupuncture is becoming increasingly popular in western countries but
its underlying anatomy and physiology have not been characterized. On the other hand,
structural studies are very important for understanding the nature of biological properties in
biology system all the time. In this work, Extended X-ray Absorption Fine Structure
(EXAFS) of Fe K-edge was used to investigate the Fe local atomic structures of
acupuncture points (acupoints) and non-acupoints of human beings. Acupoints samples of
Guanyuan, Neiguan and Sanyinjiao were got from anatomical experts of The Second
Military Medical University, China. Besides, the EXAFS spectra were collected at BL13B
of Photo Factory (PF) of High Energy Accelerator Research Organization, Japan. Apart
from the nitrogen neighbors around the central iron atom, oxygen neighbors were also
investigated. Not only did we find that the Fe-O mean coordination numbers were
obviously different between acupoints and non-acupoints, but also we found that the Fe-O
and Fe-N bonds length increased in those samples from acupoints to non-acupoints. With
the increase of Fe-N bond length of non-acupionts, the ability of transporting oxygen
decreases. As a result of the change of Fe-O coordination number and the Fe-O bond length
from acupoints to non-acupoints, there must be a close relationship between the N-Fe-O
combinative structure and the difference of obvious structure and function in and out of
acupoints.
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Topological quantum phase transition in the extended Kitaev

spin model
i/

Y
We study the quantum phase transition between Abelian and non-Abelian phases in an

Extended Kitaev spin model on the honeycomb lattice, where the periodic boundary
condition is applied by placing the lattice on a torus. Our analytical results show that this
spin model exhibits a continuous quantum phase transition. Also, we reveal the relationship
between bipartite entanglement and the ground-state energy. Our approach directly shows
that both the entanglement and the ground-state energy can be used to characterize the
topological quantum phase transition in the extended Kitaev spin model.
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Transport property of Bismuth thin film

M 5%

Jii i
In this work, temperature dependent resistivity and Hall Effect of bismuth (Bi) ultrathin
films were measured. By changing film thickness, bismuth exhibit different transport
behavior. Our results indicated that in ultrathin bismuth films, the transport property is
determined by two parts: metallic surface state and semiconductor bulk.
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Thermodynamics and dynamics of amyloid peptide
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oligomerisation are sequence-dependent
k=)

Abstract: More than 20 human diseases are associated with the pathological
self-assembly of soluble proteins into cytotoxic oligomers and amyloid fibrils. Two
peptides from [3,-microglobulin and amyloid-B peptide are selected to study the

thermodynamics and dynamics of amyloid peptide oligomerisation by MD simulations.
Based on multiple trajectories runs, we find that the two peptides share common, but also
very different aggregation properties. Notably, an increase in the hydrophobic character of
the peptide, as observed in AP16-22 with respect to [2m83-89, impacts the
thermodynamics by reducing the population of amyloid-competent assemblies. Higher
hydrophobicity is also found to slow down the dynamics of B-sheet formation by enhancing
the averaged life time of all the aggregates and by reducing the complexity of the transition
probability matrix between all configuration types.
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Abstract

The magnetic properties in the parent compounds are often intimately related to the
microscopic mechanism of superconductivity. Here we report the first direct measurements
on the electronic structure of a parent compound of the newly discovered iron-based
superconductor, BaFe,As;, which provides a foundation for further studies. We show that
the energy of the spin density wave in BaFe,As; is mainly lowered through exotic exchange
splitting of the band structure.

37



AR5 3 0 T A4 AL P B B b E e o
A
%

I RORIO R EAbric MMEE 3 1369 (PDT) & e AEMe 2407 ) — MR E 2
(RIRTIRAT N H o A A B LA 4 AR B A 25 1) CdTe 1 rUAIBF SE 45K CdTe
T AE S A L A DOGRFE I LU BT 9 T8I R B A e L R A0 N P D
PRV DU 5 6 A7 i AUl W AAT D6 240 P RO e R P, 3wl L3 o 0 AT T 1)
POLHT P HOR VLI P (1) PDT VR HIZCR I 225 o

38



A S 5 afF e A it 5

TP

ik L2

A TAERC YRG0 3 = e S e U R T, RGBS E A
IR B SE LA G T S R . AESEBRT R, AR A R
YLl H L NP-Complete 1] @11 ) Max-Cut [1) 85, FXF Ko iR DL 2R 0] i,
TS B, Srh R 3 R A A R B AR I e, BT
2 ) SEIBI R AT G SR AR 38, AL TP 28 ) ST, e — AR e 1 SR 4 4
RSO

39



Single crystal growth of Ln2Ti207 by Floating-zone method
e

Abstract

Materials containing antiferromagnetically-coupled magnetic moments which reside
on geometrical frustrated lattices often exhibit unusual behavior at low temperature.
Large, high quality, single crystals of Ln2Ti207 (Ln=Tb, Ho, Dy) , have been
successfully grown by the floating zone method under a controlled atmosphere.
Stoichiometric feed rods were prepared with Hydrostatic-Press-System(at the pressure
of 70MPa) and Vertical Molysili Furnace which is equipped with Rotational Lifter.
The seed and feed rods were counter-rotated at the speed of 15 rpm and moved
through the hot zone at 0.5 mm/h. The growth was carried out under over pressure of
oxygen.
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Optical property and biological use of gold nanocubes
ES]
i

The amusing optical property of various gold nanoparticles and its protantial use
in biology has being study wildly in recent years. To verify the sharp and size of gold
nanoparticles, we can change its absorption and emission. And some of proper gold
nanoparticles can be useful in cell imaging or photo-thermal-thearpy since gold have
good biological safety.

We have find that gold nanocubes showed extremely high photoluminescence(PL)
yeild. Approximately 100 times higher than gold nanorods, which is the highest
among gold nanoparticles we had ever know, ie its measured quantum efficiency is 8
orders of magnitude higher than that observed for the emission from the bulk metal
surface. The application of gold nanocubes as SPL imaging agents is demonstrated by
in cell imaging of nanocubes. Also, nanocube can be used for photothermal cancer
therapy due to its strong absorption of electromagnetic radiation .
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Anyons from fermions with conventional two-body

interactions
&y
Yue Yu1and Yi Li2

institute of Theoretical Physics, Chinese Academy of Sciences, P.O. Box 2735, Beijing 100190,
China
2Department of Physics, Fudan University, Shanghai 200433, China

Emergent anyons are the key elements of the topological quantum computation
and topological quantum memory. We study a two-component fermion model with
conventional two-body interaction in an open boundary condition and show that
several subsets in the low-lying excitations obey the same fusion rules as those of the
toric code model. Those string-like non-local excitations in a given subset obey
mutual semionic statistics. We show how to peel of one of such subset from other
degenerate subsets and manipulate anyons in cold dipolar Fermi atoms or cold dipolar
fermionic heteronuclear molecules in optical lattices by means of the established
techniques.
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Magneto-optical Kerr effect in perpendicularly magnetized

Co/Pt films on two-dimensional colloidal crystals

XIJ B

R
We have studied the magneto-optical Kerr effect and optical reflectance of
perpendicular magnetized Co/Pt films on self-assembly two-dimensional polystyrene
spheres. It is shown that the magneto-optical and the reflectance spectra are correlated
to each other. Calculations have shown that the magneto-optical Kerr rotation and the
Kerr ellipticity spectra are governed by the resonant coupling of light to the
excitations of surface Plasmon polaritons and modified by the sphere diameters.
These effects lead to the possibility of developing new magnetoplasmonic
Nanosensors.
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Electrical and Optical Characterization of proton-irradiated
GalnP/GaAs/Ge triple-junction solar cells
A

GRS

Abstract: GalnP/GaAs/Ge triple-junction solar cells were irradiated by low-energy
protons, and the induced defects distribute in the cells, depending on the energy of
protons. Optical deep level transient spectroscopy (ODLTS) technique has been used
to measure defects in the top two sub-cells separately. Three samples, irradiated by
100 keV, 130 keV, and 170 keV protons, were measured. In the n'/p GalnP top
sub-cells, the concentrations of majority-carrier (hole) defects decrease as the proton
energy increases. In the n'/p GaAs middle sub-cells, the concentrations of
majority-carrier defects increase as the proton energy increases. This variety of
concentration as proton energy agrees with the distribution of radiation-induced
defects by computational simulation. Impedance spectroscopy measurements were
also carried out to characterize the three individual sub-cells. For each one sample,
based on a simple equivalent circuit model, the capacitance and resistance of each
sub-cell junction were calculated by fitting. Four samples (irradiated by 40keV, 100
keV, 130 keV, and 4 MeV protons) were measured, and the results also agree well
with the computational simulated distribution of radiation-induced defects.
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Thermodynamics and finite-size scaling of homogeneous
weakly interacting Bose gases within an exact canonical

statistics

T
Jian-hui Wang and Yong-li Ma™
State Key Laboratory of Surface Physics and Department of Physics, Fudan University, Shanghai 200433, China

The thermodynamic properties and finite-size scaling of weakly interacting Bose
gases with a finite number of particles confined in a cubic box of volume L’ with
periodic boundary conditions are investigated theoretically based on an exact
recursion relation for the canonical-ensemble partition function. In a similar manner
to the case of an ideal Bose gas, the recursive scheme of the interacting finite system
at any temperatures is established in the framework of the Bogoliubov theory. The
temperature dependence of the condensate fraction and specific heat with different
particles and interactions is obtained numerically. By defining two different transition
temperatures of the finite systems, the effect of interactions on the transition
temperatures yields the different and nonmonotonous behaviors. The finite-size
scaling condensate fraction at the transition temperature for the systems is also
discussed. It is shown that the calculated finite-size scaling is universally independent
on the various system sizes and transition temperatures.

46



Herd Behavior Based On Market-Directed Resource Allocation

Game
X
Jikj L

L. Zhao, W. Wang, J. P. Huang, Y. Chen

The phenomenon of herding is very general in collective behavior of many
species, including human beings. It pertains to human conduct during activities such
as stock market, fashion world and even everyday decision making, judgment and
opinion forming. In order to study the herd effect, we introduce a type of imitating
agents in the Market-Directed Resource Allocation Game (MDRAG). Unlike the
normal agents, the imitating agents do not occupy strategies, but just mimic others'
behavior. Our results show that when the market environment is simple, the imitating
herd will cause large fluctuations, which is related to "crowed effect*. However, as the
environmental complexity increases, the imitating agents will form a kind of adaptive
herd, improving the efficiency and stability of market.
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Fabrication and application of pit-patterned Si (001)

substrate via nanosphere lithography
R

P. X. Chen, B. Y. Pan, Z. Zhong

Surface Physics Laboratory (National Key Laboratory), Fudan University, Shanghai 200433,
China

Due to their unique electronic, optical, catalytic, and biological properties,
well-ordered nanostructures have attracted enormous interest. They have potential
applications in photonic crystal devices, large-density magnetic recording devices,
novel electronic devices, synthesis of DNA electrophoresis mediate, and so on. In
particular, extensive effort has been devoted to Si-based nanostructures since Si is the
base materials in the present semiconductor industry. However, the fabrication of
nanostructures in a regular arrangement over large areas is a major challenge in modern
nanotechnologies. Fortunately, in combination of top-down lithography techniques and
bottom-up self-assembly growth, well-ordered nanostructures can be obtained on
patterned Si substrates. For example, a two-dimensional (2D) ordered array of Au
particles on Si(111) substrates can give rise to ordered Si single-crystal nanowires. In
addition, long-range ordered coherent islands can be realized by self-assembling
islands on 2D pit-patterned Si substrates. Up to now, 2D ordered patterns have mainly
been fabricated by holographic lithography, electron-beam lithography, and ion-beam
lithography. With the first method, the feature size is in general comparable to the
wavelength of light used for exposure. Moreover, the periodicity of the pattern is
limited by the wavelength. Recently, a new extreme ultraviolet (EUV) lithography has
been developed, which is a potential candidate for achieving critical dimensions below
100 nm. However, it still has some problematic issues, such as the EUV light source
and the complication of the optical system. The other two methods have low throughput
and require expensive equipment. So it is necessary to develop new technologies to
facilitate pattern fabrication. Great efforts have been devoted to investigate alternative
nanolithography approaches. One of promising methods is nanosphere lithography, in
which self-assembled monolayer of spheres on substrates were used as a template for
further fabrication of ordered patterns. This technique is characterized by its low cost,
high throughput, and easy manipulation for producing large-scale periodic patterns.

In this study, a new method of fabricating a pit pattern on Si substrates using
nanosphere lithography has been developed. The fabrication processes start with
self-assembling a monolayer of polystyrene (PS) spheres on hydrogenated Si(001)
substrates. A novel net-like mask in combination of the Au pattern thermally
evaporated in between the PS spheres and the Au-catalyzed SiO, around them is
naturally formed. After selective etching of Si by KOH solution, 2D ordered pits with a
periodicity equal to the diameter of the PS spheres in the range from micrometers to less
than 100 nm can be obtained. The shape of the pits can be modulated by controlling the
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chemical etching time. Such pit-patterned Si substrates facilitate the formation of 2D or
3D ordered GeSi quantum dots.
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High Transmission through Epsilon-Near-Zero

Metamaterial

Zhengyong Song
Surface Physics Laboratory(State Key Laboratory) and Department of Physics,
Fudan University, Shanghai 200433, China

The optical properties of a metamaterial consisting of thin layers of alternating
positive and negative permittivity are investigated. This metamaterial will respond to
electromagnetic radiation as a homogeneous effective medium with anisotropic
dielectric permittivity[1,2], at least in the long wavelength limit. When electric field is
perpendicular to this 1D periodic structure along lateral direction, the behavior of this
system becomes very interesting: the existence of resonance phenomenon definitely
leads to the occurrence of high index at some specific frequency, which is very scarce
in natural material. We can tune the resonance frequency either by altering the plasma
frequency of metallic mesh structure or by changing the ratio of layer thicknesses.
Furthermore, the thing which makes us amusing is that high transmission is observed
in ABA structure[3] by this resonance. Using finite-difference-time-domain (FDTD)
simulation, we design a metallic net structure to realize this idea. In the near future,
microwave experiments will be performed to verify our predictions.
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Effective medium theory for anisotropic magnetic

metamaterials

R K
LS
We expanded the effective medium theory to anisotropic material whose parameters
are determined by the magnetic field. We calculated the effective permittivity and
permeability within the effective medium theory. The photonic band structures are
calculated also to verify our theory and we found they filled very well. In addition, the
range in which the effective medium theory applied perfectly. At last we simulated the
field intensity of the material and found it is perfect.
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Analytical calculation of axial optical force on a Rayleigh
particle illuminated by Gaussian beams beyond the paraxial

approximation

A
Wz

We investigate the optical trapping of a Rayleigh particle by a linearly or radially
polarized Gaussian beam beyond the paraxial approximation based on a description of
beam by the mixed dipole model. The Mie theory is applied to abtain a full solution,
and the approximate analytical expressions for the optical force, equilibrium position,
and trap stiffness are presented for a Rayleigh particle. Our results suggest that at

equilibrium the displacement of the particle from the focus scales like a® (where a is
the radius) for a transparent particle, owing to scattering, while for an absorptive

particle it scales like C+Da’, owing to absorption. The trap stiffness is found to be

proportional to a’, in good agreement with the recent experiment. In addition, the

radially polarized trapping beam is shown to be superior to the linearly polarized one
in the Rayleigh regime as far as their trapping capabilities are concerned.
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Transformation media for linear liquid surface waves

Lyl
Abstract

We extend the transformation media concept to the linear liquid surface waves.

A mapping is introduced to generate an anisotropic depth parameter that corresponds
to the anisotropic permittivity tensor in electromagnetic waves. A device that can
rotate the liquid wave front is introduced, which is an analog of the metamaterial
electromagnetic wave field rotator. The structure is based on a layered design.
Simulation results are compared with experimental measurements.
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Photonic dipole oscillations in photonic crystals

EX)
G Wangl, J.P Huang1 and K. W. Yu®
'Department of physics, Fudan University, Shanghai 200433, China
Department of Physics, Chinese University of Hong Kong, Hong Kong

The occurrence of photonic dipole oscillations in electrically tunable photonic
photonic crystals is investigated theoretically. Because of the modulation of the
graded pump electric fields, optical pulse undergo oscillations inside the curved band
structure, in analogous to the dipole oscillations in ultracold gases. The transition
from photonic dipole oscillations to photonic Bloch oscillations can be readily
achieved by tuning the incident frequency and the conditions for such transition are
discussed. The results offer potential tools with widely tunable parameters for
controlling light.

References:
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Effective-medium properties of meta-materials:

A quasi-mode theory
I AR
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Fudan University, Shanghai 200433, P. R. China

> BARTOL RESEARCH INSTITUTE, UNIVERSITY OF DELAWARE, NEWARK,

DELAWARE 19716, USA

In the spirit of the generalized coherent potential approximation, we applied a
“quasi-mode” method developed in [1] to study the effective media properties of
electromagnetic (EM) meta-materials. Embedding the meta-material under study into
a background medium with tunable permittivity and permeability, we calculate the
Green’s functions of EM waves traveling inside the medium by considering the
scatterings caused by the meta-material. The density of states (DOS), the self-energy,
and the mean free path of a mode can be calculated with the knowledge of the Green’s
function given. The effective permittivity and permeability of the meta-materials can
then be determined by maximizing the DOS, which is a function of the permittivity
and permeability of the background medium. Compared with the standard
S-parameter retrieval method [2], the present approach overcomed the multiple
solution problems that exist in previous methods. Moreover, the “mean free path”
obtained in present method is helpful to judge qualitatively how good are the effective
medium parameters that we obtained for the meta-materials. As the illustrations of our
theory, we performed numerical calculations based on the finite element method to

study the effective-medium properties of both split ring and metallic wire resonators.
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Bipolaron in organic electroluminescence
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Abstract:

In conducting polymer, besides single charged polarons (P), double charged
bipolarons (B) are also carriers. A positive B can attract a negative B to form a
biexciton, which is emissive. Since this luminescence channel does not involve triplet
exciton, it is able to enhance the electroluminescence efficiency. The dynamical
evolutions and transition probabilities of this luminescence channel are quantitatively

studied in this paper.

61



Surface plasmon modified photo-electrochemistry

Ribe e
LS

The surfaces of metal electrodes used in photo catalysis and solar cells are usually flat,
which largely limits the efficiency of light absorption due to their high reflection. If
textured metal electrodes are used, light absorption can be enhanced considerably
because of the excitations of surface plasmons. Thus, textured metal electrodes may
improve many photo-electrochemical processes, such as photo-current, photo-voltaic,
and photo-chemical reactions. Here, we demonstrate a new kind of metal electrodes
with inverse-opal structures. Photo-current generated by the electrodes is enhanced
considerably due to enhanced absorption.
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Electronic structures of inverse spinels

LiMVO4(M=Ni,Cu) from first principle calculations

R

Abstract

We calculate the electronic structure of LiMVO4 (M=Ni,Cu) based on the density
functional theory (DFT). We concentrate on establishing the ground states and
structures of these inverse spinels. We find the Li/Ni atoms to be randomly distributed
as the Li/Cu atoms to be finely ordered on the ground states. Furthermore, we
calculate the noncollinear AFM model of LiCuVO,, given the DOS graph and
bandstructure, which shows that it will generate a gap near the Fermi level.
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Targeting and imaging cancer cells by Folate-
decorated ,core-shell characterized quantum dots (QDs)
-loaded BSA
=h

Abstract: Folate receptors are up-regulated on a variety of human cancers,

including cancers of the breast, ovaries,endometrium, lungs, kidneys, colon, brain,
and myeloid cells of hematopoietic origin. This over-expression of folate receptors
(FR) on cancer tissues can be exploited to target folate -linked imaging and
therapeutic agents specifically to FR-expressing tumors, thereby avoiding uptake by
most healthy tissues that express few if any FR.

We are going to develope a new strategy to prepare folate-decorated, core-shell
characterized nanoparticles forQuantum dots (QDs) formulation for targeted
and sustained imaging for cancer diagnosis at its early stage.Core-shell
charactorized QDs and FA are blent for preparing decorated QDs to improve
their imaging effects. In vitro cellular uptakes of such QDs are going to be
investigated with confocal laser scanning microscopy (CLSM), which may
demonstrate much

higher internalization of the folate-decorated QDs by KB cancer cells which are of
over-expression of folate receptors.
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Induction of membrane hole by pH low-insertion peptide: an

atomistic molecular simulation study

XK

Abstract: The pH low-insertion peptide(pHLIP) serves as a model system for peptide
inserition and folding across a lipid bilayer. Under pH-low environment, it inserts
across the bilayer as an a -helix. Recent experimental studies show that it may prove
a promising tool for selecive delievery agents for drug therary. However, the
mechanism by which the pHLIP influence the bilayer is poorly understood. Here we
use alll atomistic molecular dynamics simulation to explore the interaction between
the pHLIP and the model membrane bilayer 1-palmitoyl-2-oleoyl-phosphatidylcholine
(POPC). The pHLIP rapidly attaches to the surface of the POPC and rests there for a
long time. Howerer, if it breaks through the energy barrier of the surface, it rapidly
inserts into the bilayer and, surprisingly, it induces the membrane to form a 2-3 ns
hole parallel to the inserted PHLIP, across which the water permeates. This hole may
permits the the other proteins or small molecules to go across. The pHLIP disrupts the
membrane with a permeating hole but it doean’t ruins the membrane. This results is
importtant to understand the toxiticy of the proteins and demonstrates the possibility
of using pHLIP as a new drug molecular cargo, which we believe will be useful in a
variety of biochemical and biophysical investigations related to the cell membrane
and drug design.

Keywords: pHLIP, membrane protein, hole formation, drug delivery
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Preparation of Deeply underdoped Bi,Sr,Ca,Cu3;01g.5 Single

crystal

Fi

Abstract
With elaborate vacuum annealing, we have succeeded in preparation of the
underdoped tri-layer cuprate Bi,Sr,Ca;Cus019+5(Bi2223) samples with different
doping. The Tc reduces from 100 to 18K and the transition width (ATc) increases
from 2 to 7 K, the sharp real part of the susceptibility as a function of temperature
indicated that oxygen distribution is rather homogeneous in our crystals. This
improvement makes possible a more complete picture of HTSC phase diagram and is

helpful to understand the mechanism of the superconductivity.
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Quantum entanglement and fixed-Point bifurcations
Rukuan Wu

In recent years the entanglements of many-body systems have been studied.
It has been found that the entanglement of the ground state is maximal at phase
transition point in the infinite systems. A QPT means that the ground state changed
enormously as a system parameter is varied. In the classical regime, the phase
coordinates of the ground state correspond to the stable fixed pointed. If we alter the
system parameter, the fixed points may undergo bifurcations. We study the fixed point
bifurcations of classical systems corresponding to a quantum many-body system, and
find that corresponding to the quantum system the entanglement of the ground states
attains the maximum at the bifurcations. It affords a method to find the maximal
entangle states of the complex quantum systems.
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Structural properties and electronic structures of

amorphous HfO,/Si(001) interface

REEAN
G. H. Chen, Z. F. Hou and X. G. Gong

Surface Physics Laboratory and Department of Physics,
Fudan University, Shangha-200433, China

Using the projector augmented wave method within the generalized gradient
approximation, we have performed ab-initio molecular dynamics simulations to
generate an atomic structure model of amorphous hafnium dioxide (a-HfO;) by a
melt-and-quench scheme, and have investigated the structural and -electronic
properties of a-HfO, /Si(001)-c(2X2) interface. The structure of a-HfO, sample is
analyzed via atomic coordination number and partial pair-radius distribution functions.
Our results show the average Hf-O nearest-neighbor distance is 2.06 A, which is
comparable with the Hf-O bond lengths (in the range from 2.04A ~ to 2.25A) in
monoclinic HfO, crystalline, and also indicate the generated sample essentially
reflects the experimentally measured structural characteristics of a-HfO,. Most
importantly, it is found that the valence band offset of a-HfO,/Si interface is about
2.97eV, and our results suggest that the coordination of Si atoms at interface would
significantly affect the electronic properties of interface.
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Cooling a mechanical resonator via coupling to a tunable

double quantum dot

WK BH A4
Shi-Hua Ouyang,'” J. Q. You,"? and Franco Nori*?
'Department of Physics and Surface Physics Laboratory (National Key Laboratory),
Fudan University, Shanghai 200433, China
*Advanced Science Institute, The Institute of Physical and Chemical Research
(RIKEN), Wako-shi 351-0198, Japan
’Department of Physics, Center for Theoretical Physics, and Center for the Study of
Complex Systems,
University of Michigan, Ann Arbor, Michigan 48109-1040, USA

We study the cooling of a mechanical resonator (MR) that is capacitively coupled to a
double quantum dot (DQD). The MR is cooled by the dynamical backaction induced
by the capacitive coupling between the DQD and the MR. The transition between the
two dots of the DQD is excited by an a.c. field and afterwards a tunneling event
results in the decay of the excited state of the DQD. An important advantage of this
system is that both the energy level splitting and the decay rate of the DQD can be
well tuned by varying the gate voltage. We find that the steady average occupancy,
below unity, of the MR can be achieved by changing both the decay rate of the
excited state and the red-detuning between the transition frequency of the DQD and
the microwave frequency, in analogy to the laser sideband cooling of an atom or
trapped ion in atomic physics. Our results show that the cooling of the MR to the
ground state is experimentally implementable. However, the MR can be heated and
the steady-state average occupancy becomes infinite when the microwave frequency
is larger than the transition frequency of the DQD (blue detuning).
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Whispering gallery modes in indium oxide hexagonal

microcavities
WA
Hongxing Dong,' Zhanghai Chen,'* Liaoxin Sun,' Jian Lu,' Wei Xie,' H. Hoe
Tan,’Chennupati Jagadish,” and Xuechu Shen'
1Department of Physics, Surface Physics Laboratory, Advanced Materials Laboratory, Fudan
University,Shanghai 200433, China
2Department of Electronic Materials Engineering, Research School of Physics and Engineering,

The Australian National University, Canberra, Australian Capital Territory 0200, Australia

We report on the use of In,O; nanowires with hexagonal cross section as optical
whispering gallery resonators. The single-crystal In,O3; nanowires were fabricated by
an in situ thermal oxidation method. Whispering gallery modes (WGMs) in the visible
spectral range were directly observed at room temperature. Due to the slight tapering
of the nanowires, the energies and orders of the WGMs were modulated when
excitations were scanned along the c-axis (length) of the nanowires. The experimental
results were explained and fitted well with a plane wave interference model and

Cauchy dispersion formula for refractive indices.
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Temperature-dependent Photoluminescence

Spectra of Er-Tm-codoped Al;Os Thin Film

SR

Er-Tm-codoped Al,O; thin films with different Tm to Er concentration ratios were
synthesized by cosputtering from separated Er, Tm, Si, and Al,O; targets. The
temperature dependence of photoluminescence (PL) spectra was studied. A flat and
broad emission band was achieved in the 1.4-1.7 um and the observed 1470, 1533 and
1800 nm emission bands were attributed to the transitions of Tm>": 3H4—>3F4, Er’':
4113/2—>4115/2 and Tm>": 3F4—>3 He, respectively. The temperature dependence is rather
complicated. With increasing measuring temperature, the peak intensity related to
Er'" ions increases by a factor of five, while the Tm®" PL intensity at 1800 nm
decreases by one order of magnitude. This phenomenon is attributed to a complicated
energy transfer (ET) processes involving both Er'" and Tm®" and increase of
phonon-assisted ET rate with temperature as well. It should be helpful to fully
understand ET processes between Er and Tm and achieve flat and broad emission

band at different operating temperatures.
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Quasinormal modes of black holes absorbing dark energy

RE

Abstract:

We study perturbations of black holes absorbing dark energy. Due to the
accretion of dark energy, the black hole mass changes. We observe distinct
perturbation behaviors for absorption of different forms of dark energy
onto the black holes. This provides the possibility of extracting information
whether dark energy lies above or below the cosmological constant boundary
w= —1. In particular, we find in the late time tail analysis that, differently
from the other dark energy models, the accretion of phantom energy
exhibits a growing mode in the perturbation tail. The instability behavior
found in this work is consistent with the Big Rip scenario, in which all of the
bound ob jects are torn apart with the presence of the phantom dark

energy.
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Temperature effect on the power spectrum in inflation

Shaoyu Yin
Abstract

We examine the effect of the thermal vacuum on the power spectrum of inflation
by using the thermal field dynamics. We find that the thermal effect influences the
CMB anisotropy at large length scale. After removing the divergence by using the
holographic cutoff, we observe that the thermal vacuum explains well the
observational CMB result at low multipoles. This shows that the temperature
dependent factor should be considered in the study of power spectrum in inflation,
especially at large length scale.

77



Symmetry breaking in SSH model
%5 7]

Abstract

The Su-Schrieffer-Heeger (SSH) model describes a one-dimensional crystal with
strong electron-phonon coupling. The motion of the lattice in this model can be
viewed as a trajectory in N -dimensional space, with N as the number of lattice
units.  Because of the strong electron-phonon coupling, the Hessian matrix
corresponding to the trajectory is time-dependent. It is found that in some trajectories
there exist so-called critical points, before which all the eigenvalues of the Hessian
matrix are positive, and after which several eigenvalues are changed to negative.

Thus, if the lattice moves along these trajectories, symmetry breaking will occur,

where symmetry means U, =uU_,, with u, as the displacement of the n™ lattice

no
unit. We present the criterion for symmetry breaking and verify it numerically, the

consequence of symmetry breaking is discussed also.
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Effects of dark sectors' mutual interaction on the growth of

structures

(RS

e

We present a general formalism to study the growth of dark matter perturbations when
dark energy perturbations and interactions between dark sectors are present. We show
that dynamical stability of the growth of structure depends on the type of coupling
between dark sectors. By taking the appropriate coupling to ensure the stable growth
of structure, we observe that the effect of the dark sectors' interaction overwhelms that
of dark energy perturbation on the growth function of dark matter perturbation. Due to
the influence of the interaction, the growth index can differ from the value without
interaction by an amount within the observational sensibility, which provides a
possibility to disclose the interaction between dark sectors through future observations
on the growth of large structure.
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High-Q Unidirectional Emission Property of Novel Axial

Symmetric Asymptotic Microcavities
Wi
Xin Tu', Hao Li', Xiang Wu', Liying Liu', Lei Xu'***
' State Key Lab for Advanced Photonic Materials and Devices, Department of Optical Science and
Engineering, School of Information Science and Engineering, Fudan University, Shanghai 200433, China

“Department of Physics, Fudan University, Shanghai 200433, China

3 Lab of Advanced Materials, Fudan University, Shanghai 200433, China

*Corresponding author: leixu@fudan.ac.cn

In these years, people have paid much attention to optical microcavities for their applications in
microlasers, chemical and biological sensors and optical communication. Circular-shaped microcavities can
support high quality (Q) whispering-gallery modes (WGMs) due to their closed total intemal reflection, but
special methods are necessary to couple the well-trapped light out from the cavities (waveguide and tapered
fiber coupling are examples). To improve the efficiency of energy extraction, various types of deformed
cavity structures were devised with the compromise of drastically decreased Q value. A recent work on
limacon cavity revealed that high-Q unidirectional emission was still possible, however, the emission
divergence was far from satisfactory, also the mode pattem was chaotic-like. Another approach to achieve
directional emission is using coupled microcavities (such as coupled disks or rings). The coupling also
enhances some mode Q factors while degrading the others to lower the threshold of lasing and select a
certain (or even single) lasing mode.

In this paper, we show our calculation results on a novel deformed microcavity structure, namely axial
symmetric asymptotic microcavity (ASAM) using two-dimensional(2-D) finite difference time domain
(FDTD) method. We found that this cavity can support clearly high-Q (Q>10") distorted WGMs and
directional emission. To further improve the far field pattem and artificially control the Q-factor, two
size-mismatched ASAMSs were coupled, by adjusting the inter-cavity distance and the size of the coupled
cavity, and enhanced high-Q supermodes with unidirectional emission were obtained with a divergence of
19°.

81



Topological Quantum Phase Transition in 1D Spin

Chain
RS
Jiadong Zang1, Hongchen Jiangz2, Zheng-yu Weng2, Shou-cheng Zhangs

1Department of Physics, Fudan University, Shanghai 200433, China
2Center for Advanced Study, Tsinghua University, Bejjing 10084, China
3Department of Physics, Stanford University, Stanford, California 94305, USA

Topological quantum phase transition (TQPT) is a new class of
phenomenon in condensed matter physics beyond the Landau-Ginzburg
regime. In this work, we construct a model Hamiltonian with one
variational parameter « in 1-dimensional spin-2 chain. The edge state is
boson-like for a =0, while fermion-like fora =1. Due to this distinction,
topological quantum phase transition is predicted, and is addressed by
DMRG and MPS calculation. To our knowledge, this is the first example

of TQPT in spin system.
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Inducing a Magnetic Monopole withTopological

Surface States

ERER
Xiao-Liang Qi1, Rundong Li1, Jiadong Zang2, Shou-Cheng Zhang1

1. Department of Physics, Stanford University, Stanford, CA 94305—4045, USA.
2. Department of Physics, Fudan University, Shanghai, 200433, China

Existence of the magnetic monopole is compatible with the fundamental laws of
nature; however, this elusive particle has yet to be detected experimentally. We show
theoretically that an electric charge near a topological surface state induces an image
magnetic monopole charge due to the topological magneto-electric effect. The
magnetic field generated by the image magnetic monopole may be experimentally
measured, and the inverse square law of the field dependence can be determined
quantitatively. We propose that this effect can be used to experimentally realize a gas
of quantum particles carrying fractional statistics, consisting of the bound states of the
electric charge and the image magnetic monopole charge.
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Anomalous magneto-optical Kerr effect in
perpendicularly magnetized Co/Pt films on

two-dimensional colloidal crystals
X2
f§%i: We have studied the magneto-optical Kerr effect and optical reflectance of
perpendicular magnetized Co/Pt films on self-assembly two-dimensional polystyrene
spheres. It is shown that the magneto-optical and the reflectance spectra are correlated
to each other. Calculations have shown that the magneto-optical Kerr rotation and the
Kerr ellipticity spectra are governed by the resonant coupling of light to the
excitations of surface Plasmon polaritons and modified by the sphere diameters.
These effects lead to the possibility of developing new magnetoplasmonic

nanosensors.
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Magnetization reversal mechanism of perpendicularly
exchange-coupled composite L1,-FePt/CoCrPt bilayers

TR

2

Magnetization reversal mechanism in perpendicularly exchange-coupled composite
hard/soft L1o-FePt/CoCrPt bilayers with different soft layer thickness has been
studied using magnetometry and magneto-transport measurements. For thin soft
layers, the magnetization reversal process can be described by the rigid model. For
thick soft layers, a different magnetization reversal process is observed which consists
of three stages. An exchange-spring spin structure is first formed from the positive
saturation magnetic field to small negative magnetic field. In the second stage, a Neel
wall is driven and squeezed. In the last stage, multiple domain structure is formed
laterally to reduce the dipolar interaction and the magnetization reversal is
accomplished by the pinned domain wall motion in the hard layer.
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Single laser induced dynamic magnetization reversal
mechanism of perpendicularly magnetized L1, FePt films
TR

2

Single laser pulse induced dynamic coercivity cannot be measured rigorously by the
conventional time-resolved magneto-optical Kerr effect technique because the
irreversible deviation of the transient magnetization is accumulated. In order to
remove the accumulation effect, the alternating magnetic field is employed and
synchronized with the femtosecond laser pulse. Since the sample is reset before each
single laser pulse, the accumulation effect of the irreversible deviation of the transient
magnetization is removed. For perpendicularly magnetized L1, FePt films, the
dynamic magnetization reversal process is accomplished by the nucleation of reversed
domains and the pinned domain wall motion.
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[2] L. Xu, W.J. Tian, X.F. Wu, J.G. Cao, L.W. Zhou, J.P. Huang, and G.Q. Gu, J.
Mater. Res. 23, 409-417 (2008).
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The “Invisible Hand” in Resource Allocation

THi

More than 230 years ago, Adam Smith expounds in The Wealth of Nations that the
free market, while appearing chaotic and unrestrained, is actually guided to produce
the right amount and variety of goods by a so-called "invisible hand". It is believed
that the generalized "invisible hand" exists not only in economic markets, but also in
many biological and social systems. Involving a large number of interacting agents,
all these systems can be regarded as complex adaptive systems (CAS), because they
are characterized by a high degree of adaptive capacities to the changing environment.
Self-serving agents in these CAS compete against others for the limited and biasedly
distributed resource by conducting strategic behaviors, which could globally result in
some kinds of efficient (reasonable, balanced) or inefficient resource allocation.
Examples of such phenomena include companies competing among markets of
different sizes, drivers selecting different traffic routes, people betting on horse racing
with the odds, etc. Generally speaking, the allocation of the resources could reach an
idealized balanced state, that is, the efficient allocation state, under the directing
power of the “invisible hand”. In practice, however, sometimes it will fail and cause
the so-called “market failure” phenomenon.

In our recent study, we focused on the biasedly distributed resource allocation
problem. First, we designed and conducted a series of behavioral economic
experiments. We found that the allocation of a virtual resource could reach the
efficient state in these experiments, even if direct negotiations among the participants,
as well as the external instructions which might create collaboration among them,
were completely forbidden. In other words, we demonstrated the existence of the
“invisible hand”. Next, based on the minority game (MG), we constructed a model
called market-directed resource allocation game (MDRAG). The new model can
explain what we found in our experiments. In the mean time, through a large number
of the MDRAG simulations, we are able to put forward a possible mechanism for the
“invisible hand”. Furthermore, the sufficient conditions under which the “invisible
hand” could fully play its role are found as the following: First and most importantly,
the competing strategies of the participants of the resource allocation market must
have heterogeneous and adjustable preferences for the biasedly distributed resources;
second, the decision making capacities of the participants must match the complexity
of the environment. A more interesting discovery is related to a number of phase
transitions found in the MDRAG simulations. Around the critical region of these
phase transitions, the directing power of the “invisible hand” can be released
completely, which could lead to an efficient, stable and unpredictable market.
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Two qubits entanglement dynamics in common environment

PA
Abstract:

Two qubits’entanglement can be used as a main resource in quantum computation
and quantum information processing. While qubits systems evitable interact with
external environment, thus qubits’entanglement will dissipate because of environment
noise. How to protect entanglement against environment noise has been a main
project. We calculate the entanglement dynamics via master equation approach with
markovian white noise.

90



Origin of the co-dopant induced enhancement of

ferromagnetism in (Zn,Mn)O

)
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200433, China

® Department of Physics and Astronomy, University of California, Irvine, California
92697-4575, USA

Abstract

Using the density functional calculations, we elucidate the mechanism of
co-dopant induced enhancement of ferromagnetism of (Zn,Mn)O. Li and Cu
atoms tends to segregate toward Mn atoms and strongly promote the
ferromagnetic coupling via either RKKY or superexchange interaction. The
hole states introduced by either Li or Cu are rather delocalized and they are
efficient in mediating magnetic ordering. These findings shed new light for the
design of dilute magnetic semiconductors with co-dopants for spintronic
applications.
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Improved transfer matrix method without numerical instability

JRETRE
Huiqiong Yin and Ruibao Tao
Department of Physics, Fudan University, Shanghai 200433, China

A new improved transfer matrix method (TMM) is presented. It is shown that the method not only
overcomes the numerical instability found in the original TMM, but also greatly improves the
scalability of computation. The new improved TMM has no extra cost of computing time as the
length of homogeneous scattering region becomes large. The comparison between the scattering
matrix method(SMM) and our new TMM is given. It clearly shows that our new method is much
faster than SMM.
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The conductance mechanism of GeSi quantum rings studied

by SPM
kAR

Shengli Zhang, Fanghua Li, Zuimin Jiang, Xinju Yang
Surface Physics Laboratory (National Key Laboratory), Fudan University, Shanghai 200433,

China

Abstract

Topography and electrical properties of individual self-assembled GeSi quantum rings
(QRs) grown by molecular beam epitaxy were investigated by conductive atomic
force microscopy at room temperature. And also the composition distribution of the
QRs was investigated by combining the AFM with selective wet chemical etching.
The current image captured simultaneously with the topography reveals that the ring
part of the individual QRs is more conductance than the QRs center. But the selective
chemical etching results show that the Ge composition distributes mainly at the center
of QRs. It is well known that the conductance of germanium is several magnitude
higher than silicon. That’s very difficult to understand this conflict by common sense.
A possible mechanism for explanation is supposed by considering the quantum
structure, and both electrostatic force microscopy and scanning capacitance
microscopy were used to support the possible mechanism.

* Corresponding author. Email address: xjyang@fudan.edu.cn.
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Research on the coupling effect of localized surface

plasmons in nanoparticle chains
Pk

i 2

A study of the localized surface plasmon resonance in different gold nanoparticle
chains is presented. A tight-binding method combined with the full-wave simulation
not only allows us to predict the resonance frequencies in chains consist of
periodically arranged nanoparticles, but it also allows us to quantitively define the
coupling effect of localized surface plasmons on nanoparticles.
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Directive emissions of antennas on metamaterial

ground planes: Role of anomalous re°ection phases

T
Kun Ding17+ Tao Jiangz, Jiaming Haoz, Linxin Ranz, and Lei Zhoui/s
1Surface Physics Laboratory (State Key Laboratory) and
Physics Department, Fudan University, Shanghai 200433, China
2The Electromagnetic Academy, Zhejiang University, Hangzhou 310027, China
Etciency and radiation pattern are two important characteristics of
antenna radiations[1]. Recently, there has been much interest to employ
metamaterials to control the radiation behaviors of antennas[2{5]. For
example, directive emission can be achieved by simply putting a point
source inside a metamaterial with zero refractive index[2], or inside a
subwavelength cavity formed by speci cally designed metamaterials[3].
In this work, we study the radiation properties of antennas put on
ground planes formed by metamaterials, aiming to nd the conditions
under which the
antenna emissions could be highly directive. We "rst applied a dyadic
Green's function approach to analytically study the radiation properties
of antennas put perpendicular or parallel to the ground plane, and found
that the metamaterial ground plane should possess certain re°ection
phase properties in order to support directive emissions. We then
employed " nite-di®erence-time-domain  (FDTD) simulations to
successfully design realistic metamaterials structures as appropriate
ground planes to support directive emissions for both orientations of
antennas. Microwave experiments, in good agreements with FDTD
simulations, were performed to verify the theoretical predictions|[6].
aPresenting author. Email: datouding@fudan.edu.cn
$Corresponding author. Email: phzhou@fudan.edu.cn
[1] Jin Au Kong, Electromagnetic Wave Theory (EMW, Cambridge, MA, 2000).
[2] Stefan Enoch et al Phys. Rev. Lett. 89, 213902 (2002).
[3] L. Zhou et al, Appl. Phys. Lett. 86, 101101 (2005).
[4] Honggiang Li et al. Appl. Phys. Lett. 86, 121108 (2005).
[5] Bae-lan Wu et. al. Microwave and Optical Technology Letters 48, 680 (2006).
[6] Kun Ding et. al, unpublished.
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An alternative way to obtain dark energy from f(R) theory
Chang Feng

Abstract: Differing from the ordinary scalar-tensor theory, the effect
of dark energy is accounted for what the curved space and time acting.
We combine the new 307 Union supernova la samples, the shift
parameter of the Cosmic Microwave Background(CMB) given by the
three-year Wilkinson Microwave Anisotropy Probe
observations(WMAP), the baryon acoustic oscillation(BAO)
measurement from the Sloan Digital Sky Survey(SDSS) and age
estimates of 35 galaxies, as well as the X-rays of galaxies, to constrain
the minimum-coupling f(R) theory. The character of the effective dark
energy is analyzed. Moreover, the non-minimum coupling theory is
also discussed theoretically.
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Transient photovoltage measurement applied to exciton

dissociation research
fEwict

Abstract: With the cost of fossil fuels rising, attention is once again turning to Organic
Solar Cells, which can produce electricity much more cheaply than conventional
silicon based solar cells. Exciton dissociation is a key process in OSC, giving rise to
many related research. In this work, I introduce transient photovoltage measurement
into this process, in order to find out the direction of dissociation at the interface
between organic layer and electrode.
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Longitudinal-elliptical-polarized EM waves in off-diagonal

chiral media

ERGS
Weihua Wang' *, S.T. Chui*, Zhifang Lin' and Lei Zhou'®

"Surface Physics Laboratory (State Key Laboratory) and Physics Department, Fudan
University, Shanghai 200433, P. R. China

* Batrol Research Institute and Department of physics and Astronomy, University of
Delaware, Newark, DE, USA

Abstract

We study a chiral medium [1] with constitution relation B = #H + «E,D = ¢E + SH in

which the magnetoelectric elements «,f are off-diagonal matrices [2]. The

propagations of electromagnetic (EM) wave inside such a medium exhibit many
fantastic properties. We find that, under certain conditions, the electric field of a
particular EM wave mode becomes longitudinally elliptical-polarized in the
propagating direction and the Poynting vector has a component that is perpendicular
to the plane of incidence. We present a phase diagram to show the optimal parameters
for the chiral medium to exhibit such unusual wave polarization behaviors, and
illustrate such an extraordinary effect by designing a double-refraction experiment at
the air/medium interface. We finally perform FDTD simulations on realistic structures
to verify such unusual wave phenomena.

* Presenting author, Email: wwh@fudan.edu.cn

[1] LV.Lindell, A.H.Sihvola,S.A.Tretyakov,A.J.Viitanen, Electromagnetic Waves in
chiral and Bi-Isotropic media
[2] S.T.Chui, Weihua Wang, Zhifang Lin and Lei Zhou, unpublished.
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Multifrequency cloak with multi-shell by using

transformation medium

i
1 1 2,3
Y. Gao, J. P. Huang ', and K. W. Yu
1 Surface Physics Laboratory (National Key Laboratory) and Department of Physics, Fudan University, Shanghai 200433

2Department of Physics, Chinese University of Hong Kong, Shatin, New Territories, Hong Kong

3 Institute of Theoretical Physics, Chinese University of Hong Kong, Shatin, New Territories, Hong Kong

Email: 071019013 @fudan.edu.cn

Abstract

We theoretically investigate multifrequency cloak based on multi-shell by using
transformation medium. As for each shell, we use the Maxwell-Garnett theory and the
spectral representation theory to design the permittivity profile for the transverse
magnetic (TM) wave. The plasma frequencies of the metals used in the inner (B) and

outer (C) shells must satisfy o <w, <®, <@, . In such case, incident

electromagnetic wave of lower frequency @, will be distorted only by the outer shell C

without entering the inner shell B to achieve invisibility. However, at the higher

operating frequency w,, the outer shell C is transparent by choosing the materials

appropriately, and the incident electromagnetic wave will be distorted only by the
inner shell B to achieve invisibility. So, the multi-shell cloak can work simultaneously
on two different optical frequencies. Furthermore, we use the anisotropic differential
effective dipole theory (ADEDT) to evaluate the efficiency of the cylindrical cloak.

References:

[1] J. B. Pendry, D. Schurig, and D. R. Smith, Science 312, 1780 (2006).

[2] D. Schurig, J. J. Mock, B. J. Justice, S. A. Cummer, J. B. Pendry, A. F. Starr, and D. R.
Smith, Science 314, 977 (2006).

[2] D. Schurig, J. B. Pendry, and D. R. Smith, Opt. Express 14, 9794 (2006).

[3]J. P. Huang and K. W. Yu, Phys. Rep. 431, 87 (2006).

[4] E. B. Wei, G. Q. Gu, and K. W. Yu, Int. J. Mod. Phys. B 22, 507 (2008).
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Optical response of strongly coupled metal nanoparticles

k)
L. F. Zhang and J. P. Huang

Department of Physics, Fudan University, Shanghai 200433

abstract

The optical responses of coupled metal nanoparticles are studied by using
the image method of dipoles[1]. For two unequal nanoparticles, the small
particles are revealed to have an evident shift of surface plasmon
frequencies, which depend on the mutual interaction between the two
particles. Our results exhibit that the plasmon resonant frequency of a
small particle can be readily tuned by using a big particle nearby, due

to the relatively strong electromagnetic coupling.

Reference:

[1]Y. Ju and J. P. Huang, The Journal of Physical Chemistry B, 112, 7865 (2008)
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The conductance of alkane chains: the influence of

anchoring groups and their binding sites
T
W. Sheng!, Z. Y. Li', Z. Y. Ning?, Z. H. Zhang?, Z. Q. Yang', and H. Guo?
! Surface Physics Laboratory (National Key Laboratory), Fudan University, Shanghai, 200433, China
2Center for the Physics of Materials and Department of Physics, McGill University, Montreal, Quebec, Canada H3A 2T8

3School of Physics and Electronic Science, Changsha University of Science and Technology, Changsha 410076, China

By means of first-principles calculation, we investigate the effects on electron
transport properties of molecular junctions due to different electrode-molecule contact
details. The model system chosen is the N-alkanes sandwiched between two gold
electrodes with three different terminal groups (ad-sorption strength) and their
bonding sites. The calculated low-bias conductance of each junction show two sets of
different values for the four bonding sites considered, which has also been reported in
some recent experiments. We found that this evident phenomena will persists for
dicarboxylic-acid-terminated alkanes but not for dithiol and diamine-terminated
alkanes when the bias higher up to the nonlinear region of the I-V curve. The origin of
this results is explained quantitatively in terms of the delocalization of molecular
orbital near the fermi level and the coupling strength for different groups to the gold
electrodes. We also found that the conductance value of the junction decrease
exponentially with the molecular length, the obtained prefactor of the exponential
decay function (which reflects the contact resistance) shows a significant dependence
on the anchoring groups while the decay constant varied a little during the shift of
anchoring groups and their bonding sites.

101



Microparticle separation by dielectrophoresis and

hydrodynamic forces

X. X. Zhao"?, K. Yakubo?, T. Nakayama3 ,and J. P. Huangl
1 Surface Physics Laboratory (National Key Laboratory) and Department of Physics, Fudan University, Shanghai,
200433, China
2 Division of Applied Physics, Graduate School of Engineering, Hokkaido University, Sapporo, 060-8628, Japan
3 Toyota Physical and Chemical Research Institute, Nagakute, Aichi 480-1192, Japan

Email: 082019003 @fudan.edu.cn

Abstract

We propose a novel microchannel system for microparticle separations. Based on
dielectrophoresis effect generated by a series of microelectrodes, microparticles with
different dielectric constants will incline to different tracks. Then with the implement
of hydrodynamic forces by continuous flows, microparticles are further separated into
different channels. We investigate simulatively the dynamic behaviors of mixed
microparticles in this system, based on the theories of dielectrophoresis and Langevin
dynamics. It is found that a proper configuration of microelectrodes can make very
high efficient separations. We further investigate the probability of successful
separation, under different system parameters. This work has relevance to the
Lab-on-a-chip systems, which are widely applied in biological and chemical
experiments and industry.

References:

[1] H. A. Pohl, Dielectrophoresis (Cambridge University Press, New York, 1978).
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(World Scientific Publishing Co. Pte. Ltd. Singapore, 2004).

[6] X. X. Zhao, Y. Gao, and J. P. Huang, J. Appl. Phys. 105, 064510 (2009).

102



Hole trapping induced I-V staircase in individual GeSi

guantum dots studied by Conductive AFM

R K
Yifei Zhang, Jianhui Lin, Jiale Wang, Shihua Zhao, Shengli Zhang, Xinju Yang
Surface Physics Laboratory (National Key Laboratory), Fudan University, Shanghai
200433
Interest in zero-dimensional quantum dots has been intense which lies mostly in
their technological potential as well as their fundamental electrical properties. We
have investigated the electrical properties of individual self-assembled GeSi quantum
dots grown on silicon substrates using Conductive Atomic Force Microscope at room
temperature. Current staircases are observed when measuring current-voltage
dependences on individual quantum dots. The origin of this phenomenon is supposed
to be hole trapping in the potential well formed by the quantum dot sandwiched
between the native oxide and the bottom Si substrate.
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Size Dependence of Electric Properties of Individual SiGe

Quantum Dots
ZHAO, Shihua
The electric properties of individual self-assembled quantum dots (QDs) are
essentially important for applications as well as fundamental studies. Here the electric
properties of individual GeSi QDs are studied by conductive atomic force microscopy
(CAFM). The dependence of current-voltage (I-V) characteristics on the quantum
dot’s size is studied, and the quantum effects of GeSi QDs are obtained. Also both the
bias voltage (BV) dependence and force (F) dependence of conductance properties are
measured on QDs with different size, and a possible mechanism is suggested in the

results.
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Prom

My important work is to investigate nonlinear optical properties of
carbon nanotube composites by using Z-scan method. At present, | pay attention
to a new type of hybrid carbon nanotubes, multi-wall carbon nanotubes coated
with metal sulfates.

The new type of hybrid carbon nanotubes, multi-wall carbon
nanotubes coated with metal sulfates, is synthesized. The optical limiting
characteristics of pure multi-walled carbon nanotubes(MWCNTs) and MWCNTSs
coated with metal sulfate (MS) by a new fabrication method are studied at
wavelength of 527 nm. Fluence-dependent transmission and Z-scan
measurements using 100 ns pulses show that by coating with MS MWCNTSs
suspensions, samples exhibit a stronger optical nonlinearity than pure MWNTS.
This new type of hybrid carbon nanotubes with coated metal sulfates on the
sidewall may have potential applications in field emitters or optoelectronic
devices.
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Guiding Electromagnetic Energy below the

Diffraction Limit with Dielectric Particle Arrays

FHIR A
Junjie Du,1;2 Shiyang Liu,1;2 Zhifang Lin,1 Jian Zi,1 and S. T. Chui2
1 Surface Physics Laboratory, Department of Physics, Fudan University, Shanghai 200433,
China
2 Bartol Research Institute, University of Delaware, Newark, DE 19716, USA
We demonstrate that electromagnetic energy can be efficiently guided along a single
chain, around a corner, and split at forked structures below the diffraction limit with
the use of appropriate dielectric particle arrays. The fields are confined to a region
with the transverse width less than half of the guided wavelength. Our results give
an explicit demonstration for the first time that the dielectric based subwavelength
photonic circuit is achievable, providing an alternative to the surface - plasmon -
based metallic counterpart.
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PtSi/Si interface structure and its dipole induced

SBH modulation effect

Han Han:

1Department of Physics, Fudan University, Shanghai 200433, China

We present a calculation of the Schottky-barrier height(SBH) at the Si(001) /
PtSi(001) interface , based on first-principles calculations. The p-type
Schottky-barrier height of 0.207 eV is found in good agreement with available
experiments. We further studies the SBH modulation effect induced by ion
implantation of Ga and P near the interface. The SBH modulation effect between two
materials is caused by changing the interface dipole directions and values. The
direction change of SBH is determined by the type of the dopant. The changed value
of SBH is found to has a linear relationship with the interface dipolmoment.
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Acoustic superscatterers and external acoustic cloaks using

metamaterials

K
Liu Bin, Wei Sen and Huang Jiping
Department of Physics, Fudan University, Shanghai 200433, China

Using acoustic metamaterials, we design and investigate two kinds of novel
acoustic devices: two-dimensional acoustic superscatterers and two-dimensional
novel acoustic cloak that can cloak "external" objects. In acoustic superscatterers,
metamaterial layers are used to enhance their acoustic scattering cross section
substantially. In our design of novel aoustic cloak, the cloaked objects can be placed
outside the cloak, conquering the drawback of existing designs, namely the cloaked
objects have to be “deafened”, by allowing receival of incoming waves by the cloaked
objects. The crucial material parameters of the metametarial layers are deduced by
coordinate transformation method, and the whole designs are verified by finite
element simulations.
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First-principles study of vacancies in hybrid BN zigzag

nanoribbons

K
ABSTRACT

We study the magnetism of hybrid boron nitride zigzag nanoribbons with B and N
vancancies, based on the first principles. Our calculations predict the spingapless
semiconductor configurations. The hybrid BN zigzag nanoribbons show
spin-polarized states well localized at the atoms near to both B and N vacancies,
except when the distance between the nearest N vancancies is very small. The spin
splitting energe increasing while the distance between the nearest vacancies
increasing. We show that the high spin state with magnetic moment of 1ug at each N
vacancy, while 3ug at each B vacancy. By changing the the distance between the
nearest  vacancies, present  metallic --->spingapless semiconducting
--->semiconducting transitisions.
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Analytically Study of BCS-BEC Crossover with Diagram
Method

Sigin Cao

Abstract: Though great achievements have been made by using diagram method
in BCS and BCS-BEC Crossover, still there're some serious problems. Since the
diagram method may fail in coherent systems, we re-deduced the method; and with
the Boson-Fermion model, we obtain the partition function, the critic temperature and
the fermion's particle energy of the BCS-BEC crossover. Finally, we calculate the gap
energy in both BCS and BCS-BEC crossover, and propose a possible calculation for
the pseudo-gap.
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A preliminary analysis of the energy transfer between the dark

sectors of the Universe
Jia Zhou

Abstract

We study the mutual interaction between the dark sectors (dark matter and dark
energy) of the Universe by resorting to the extended thermodynamics of irreversible
processes and constrain the former with supernova type Ia data. As a byproduct, the
present dark matter temperature results not extremely small and can meet the
independent estimate of the temperature of the gas of sterile neutrinos.
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Anomalous Hall effect in NiCu alloys
A E

Temperature dependent Hall effect and resistivity has been investigated in Ni-Cu thin
films in a wide composition range, covering the ferromagnetic-paramagnetic critical
point. The NiCu alloys in the paramagnetic region show clear anomalous Hall effect
at low temperature, which is a strong evidence of the existence of local moments. The
result also shows that the extrinsic contribution of AHE decreases with temperature.
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A hidden conductance path of nanosized Schottky contacts

between ErSi2 nanoislands and Si(001)

KA o
J. Q. Song, T. Ding, J. Li and Q. Cai

Metal-semiconductor (MS) contacts are an essential part of virtually all
semiconductor electronic and optoelectronic devices. Recently there has been great
interest in the preparation and characterizations of nanometer—sized Schottky contacts
due to their importance in nanoscale electronic and optoelectronic device applications.
For macroscale Schottky diodes, transport properties of carriers can be explained well
by thermionic emission (TE) theory or diffusion theory. Recent studies showed when
the size of Schottky diodes scaled down to nanometer scale, some unique
characteristics were displayed. For example, current density through MS interface was
much larger than that of macroscopic one, and current density depended on the size of
MS interface, and so on. However, the transport mechanisms of carriers for the
nanosized MS contacts are not clear at the present. In our study electrical transport
property of nanometer sized Schottky diodes formed by epitaxial, ErSi, nanoislands
on p-Si(001) are in situ measured by touching the tip of a scanning tunneling
microscope to the nanoislands. It is found that the current through nanoislands is
sensitive to the surface gas absorption and the conductance of the nanocontacts
decreases with the increase of the absorption coverage of oxygen on the sample
surface. Our analysis indicates that in additional to the conduction path perpendicular
to the MS interface between ErSi2 islands and Si substrate, there is an additional,
hidden conduction path — surface conduction path, because the former is not sensitive
to the surface absorption. Our experimental results firstly show that the surface
conduction dominates for the epitaxial metallic nanocontacts on Si surface.
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“Polar Molecule Dominated Electrorheological Effect Based

on Different Particle Milling Time”
11 7506
Abstract

We have investigated rheological properties of polar-molecule dominated
electrorheological (PMER) fluids, including yield stress, shear stress and molecule
amount effect. The particles we use are of different milling time, which can indicate
the extent of mechanical abrasion of the particles. It’s found that doping additional
polar molecules can be a solvent against abrasion, with different contributions to yield
stresses in different volume fractions. And we calculated the number of polar
molecules by using the most useful additional material amount. On the other hand, we
found that the pure viscosity decreases slowly with shear rate and sometimes has a
peak, while ER effect stress decreases rapidly. And we proposed some solutions about
1t.
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Test of the Cosmic Censorship Conjecture
Zhiqin Shi

Abstract

The Cosmic Censorship Conjecture plays a fundamental role in black hole
physics. It asserts that space-time singularities must be encompassed by the event
horizon of a black hole. We study a nearly extreme 3D Charged dilaton black hole
(CDBH), consider the case that massless Dirac fields absorbed into it. We calculate
the absorption coefficient of the fields, and test whether the Cosmic Censorship
Conjecture still hold.
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Fabrication of Ge quantum dot circle on

masked Si substrate
SEIAE

Qijia Cai, Peixuan Chen, Zhenyang Zhong, Zuimin Jiang, Fang Lu" and Zhenghua An

Surface Physics Laboratory, Laboratory of Advanced Materials,
Fudan University, Shanghai, 200433, People’s Republic of China

Abstract

A novel circularity placement structure of germanium quantum dots has been
fabricated by combining techniques including electron beam lithography, wet etching
solution and molecular beam epitaxy. It was observed that both pattern and growth
parameters affect the morphology of quantum dot molecular. The experimental result
indicates the possibilities to investigate properties of quantum dot molecular and

single quantum dot.

Keywords:

Al. Low dimensional structures
Al. Atomic force microscopy
A3. Molecular beam epitaxy

B2. Semiconducting germanium

PACS: 81.07.Ta, 85.40.Hp, 81.15.Hi, 68.37.Ps, 68.37.Hk

Study on nonlinear optical properties and ultrafast dynamics

* Corresponding author. Tel.: +86 21 5163 0253; Fax: +86 21 6510 9395. E-mail address: fanglu@fudan.edu.cn (F.
Lu).
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of a new blue-light emitting polymer

FHEN

Yaochuan Wang®, Hui Zhou®, Jinliang Ding®, Qiang Chen®, Yu Chen® and Shixiong
Qian™*

Physics Department and Surface Physics Lab (National Key Lab), Fudan University,
Shanghai 200433, People’s Republic of China

®Lab for Advanced Materials,Department of Chemistry, East China University of
Science and Technology, Shanghai 200237, People’s Republic of China

*Email: sxiqian@fudan.edu.cn (Shixiong Qian)

Abstract:

The materials with large two-photon absorption (TPA) are of great interest in many
high-technology applications. In this paper, the nonlinear optical properties and the
excited state dynamics of a new  blue-light emitting polymer
poly[5-(diphenylamino)-1,3-phenylenevinylene] (Yul) were studied, together with
those of its starting material 5-(N,N-diphenylamino)benzene-1,3-dicarbaldehyde
(YuO0). In comparison to the monomer YuO, the TPA property of Yul was found to be
significantly enhanced upon polymerization due to the highly delocalized aromatic
n-electron conjugated structure. The TPA cross section of Yul (per repeating unit) is
about 10 times larger than that of Yu0. One-color and two-colour femtosecond
pump-probe experiments were used to investigate the excited state dynamics of the
two materials. The investigation of the ultrafast dynamics demonstrates the different
relaxation processes happened in YUuO and Yul samples. From 400 nm one-color
pump-probe experiment of the polymer Yul, distinct optical anisotropy was observed.
The fast component observed in parallel polarization configuration of Yul disappears
in the perpendicular configuration due to the high orientation of exciton migration.
The lifetimes of slow process which is assigned to exciton recombination process with
fluorescence emission were determined to be 311 ps and 211 ps for YuO and Yul,

respectively. The nonlinear optical property study and the ultrafast dynamics results
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really reflect an enhanced effect caused by the polymerization of the monomer. Our
study also reveals that the polymer Yul may have promising applications in photonics

fields, such as two photon imaging, optical limiting and/or PLED.
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Unusual Doping Dependence of the Electronic Structure and
Coexistence of Spin-Density-Wave and Superconductor

Phases in Single Crystalline Sr1-xKxFe2As2
gk &

Y. Zhangi, J.Weii, HW. Ouy, J. F. Zhao1, B. Zhoui, F. Cheni, M. Xui, C. Hei, G.Wui, H.
Chen2, M. Aritas, K. Shimadas, H. Namatames, M. Taniguchis, X. H. Chen2, and D. L. Fengi
1 Department of Physics, Surface Physics Laboratory (National Key Laboratory), and
Advanced Materials Laboratory, Fudan University, Shanghai, People’s Republic of China
2 Hefei National Laboratory for Physical Sciences at Microscale and Department of Physics,
University of Science and Technology of China, Hefei, People’s Republic of China
s Hiroshima Synchrotron Radiation Center and Graduate School of Science, Hiroshima
University, Hiroshima, Japan
Email: dlfeng@fudan.edu.cn
The nature of the spin-density wave (SDW) and its relation with superconductivity are
crucial issues in the newly discovered iron-pnictide superconductors. Particularly, it is
unclear whether the Superconducting phase and SDW are truly exclusive from each
other.
We report angle resolved photoemission spectroscopy (ARPES) measurements of
Sr1-xKxFe2As2 (x =0, 0.1, 0.18), single crystals[1]. We show with systematic data
that the band splitting is a sign of the SDW on the electronic structure, and it occurs in
Sr1-xKxFe2As2, with descending onset temperatures and amplitudes for x =0, 0.1,
0.18. Since Sr0.82K0.18Fe2As?2 has a superconducting transition temperature (Tc) of
25 K, we prove that superconductivity and the SDW indeed coexist even for single
crystals, which sheds new light on the interplay of superconductivity and magnetism
in iron-pnictide superconductors. Moreover, the unusual doping dependence of the
splitting further highlights its complexity and correlated nature, providing new clues
for sorting out its mechanism.
*This work supported by NSFC, MOE, MOST (National Basic Research Program No.
2006CB921300), and STCSM of China.
[1]Y. Zhang et al., Phys. Rev. Lett. 102, 127003 (2008).
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I E=
Motivation: In recent years, there has been a great deal of research work on
chalcohalide and chalcogenide glasses due to their unique properties. These glasses

have shown themselves to possess large third-order nonlinear optical susceptibility

x ) and are potential candidate materials for all optical switching devices. The

ultrafast dynamic response of these glasses excited by ultrashort laser pulses has not

been attracted much attention.

Abstract: Three series of chalcohalide and chalcogenide glasses (Series A:
0.56GeS,-0.24Ga,S5-0.2KC1,0.56GeS,-0.24Ga,S3-0.2KBr;SeriesB:0.56GeS,-0.24Ga,
S;-0.2KBr added Ag ion with the concentration of 12X 10" ions/cmz, 2% 10"
ions/cmz,respectively;SeriesC:O.76GeSz-O. 19Ga,S;-0.05CdS,0.68GeS,-0.17Ga,S;3-0.1
5CdS.) were prepared by well-established melt-quenching technique. The ultrafast
decay properties of these samples were investigated by using time-resolved fs
pump-probe technique. In 800nm one-color pump-probe experiment for three series
samples, when the pump power is high enough, the energy relaxation process would
include two decay components: a fast component and a slow component. Time
constants of the fast component of these glasses are in the order of subpicoseconds,
while time constant of slow component is ten to hundreds picoseconds. Two-color
pump-probe experiment (with 400nm pump and 800nm probe) and 800nm
time-resolved optical Kerr effect (OKE) experiment have also been carried out. The
ultrafast response and large third-order optical nonlinear susceptibility, in addition to
their wide transparent region and good thermal stability, indicate that these glasses are

potential candidate materials for all optical switching devices.
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Experimental study of the exciton and surface plasmon coupling

in the gold nanowires

WHEY
Chun-Zhen Fan'?, Ji—Ping—Huangz, Qi-Huo Wei'
1. Liquid Crystal Institute, Kent State University, Kent, OH, USA, 44242
2. Physics Department, Fudan University, Shanghai, China, 200433

Surface plasmons can be employed to enhance not only the light emission rate in light
emitting diodes but also the light absorption efficiency in photovoltaic devices. It can be
expected that with proper design, metallic nanostructures can serve the dual functions as
electrodes and efficiency enhancements for photovoltaic cells. Here we investigate the
coupling between the excitons of conjugated polymers and the surface plasmons of the
metallic nanowires. One-dimensional periodic Au nanowires with different width and
periodicity are fabricated on glass substrates by electron beam lithography, and a 200nm
thin layer of MDMO-PPV is spin-coated on top of these metallic nanowires. We will show
our preliminary experimental results on optical spectroscopic measurements in this system.
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Abstract
We show a metallic plate with fractal-shaped slits supports TE surface plasmon polaritons
as well as TM surface plasmon polaritons, with which we fulfill a subwavelength nearfield
imaging at working frequency. On the basic of this, we find the mechanism of
subwavelength nearfield image.
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Aggregation Mechanism of GPA peptides studied by Molecular

dynamics simulations

FEEL A
Department of physics Fudan University,Shanghai 200433 China

Abstract

Amyloid fibrils associated with diseases such as Alzheimer's are often derived from the
transmembrane helices of membrane proteins. In order to uncover novel sequence motifs
mediating these interactions, we use a model peptide corresponding to a portion of the
single transmembrane helix of glycophorin A. In this work, we have studied the equilibrium
structures of the 17-residue fragment 70--86 in solution by molecular dynamics simulations.
We show that the GxxxG motif and phe in glycophorin A(GPA) play important roles in
folding amloid fribrils. To test this, we also select an inhibitor with GPA to study the
aggregation mechanism.
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Development of a variable-temperature MOKE system
Fangze Liu

Abstract

A variable-temperature MOKE system has been developed. The sample temperature can be
accurately controlled between 130K and 500K. We can study the exchange bias
phenomenon, the magnetic properties of ferromagnetic and antiferromagnetic films and
multiferrotic materials around their phase transition temperatures via this system.
According to the measurement of Fe/NiO, Co/FeMn and Fe/BaTiOs, we conclude that the

variable-temperature MOKE system has been set up successfully.
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Tunable Polariton Laser in ZnO Whispering Gallery

Microcavity

PN
Liaoxin Sun, Zhanghai Chen, Hongxing Dong, Wei Xie, Jian Lu, Yanjing Ling, Xuechu
Shen
Surface Physics Laboratory, Department of Physics,Fudan University, Shanghai 200433,
China

abstract

Polariton laser in the strong coupling regime is demonstrated in single ZnO tapered
whispering gallery (WG) microcavity at room temperature. By scanning the excitation
along the tapered arm of ZnO tetrapod, the threshold of polariton laser as a function of the
detuning between the cavity mode and exciton is well investigated. It shows that the
minimum threshold of the polariton laser appeared at a positive detuning of 42 meV, and a
corresponding effect of blueshift versus pump power is also carefully addressed.
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Abstract

The discovery of iron-based superconductor has triggered another gold rush in material
science. Althoq%h this type of material has high tolerance on chemical doping or structural
distortion, detailed research has revealed that the electronic structure is very sensitive to the
crystal quality. The synthesis of decent single crystal is the bottle neck to a deeper
understanding of this very material.

My research includes synthesizing and characterizing of this very material. We managed to
obtain single crystals of BaFe2As2 122 system with the self-flux method and FeTe(Se) 11
system with the NaCI/KCI flux method. The high quality has been confirmed with the
assistance of Energy Dispersive X-Ray (EDX), Laue Diffraction, Low Energy Electron
Diffraction (LEED) and also transport property measurement. Moreover with the state of
art Angular Resolved Photoemission Spectroscopy (ARPES) technique, we have obtained
the band structures of these compounds. And we try to reveal the evolution of the band, the
formation of the Spin Density Wave (SDW), the relation between the SDW and
superconductivity.
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Exciton Polariton Waveguide in ZnO Nanorod
il

Abstract

The design of optical waveguide has been studied extensively and used in various of
applications. However, the wave guide for exciton polaritons has not been reported so far.

Here, we report an experimental demonstration of exciton polariton guiding
phenomena in tetrapod ZnO. A comprehensive picture of the spectra evolution as the
exciton polariton propagate along the arm of ZnO nanostructure was presented. By
performing spectral measurements with the signal detection at the center of tetrapod and the
excitation spot scanning along the arm, we observed a clear spectral shift and a dramatically
reduced intensity at the high energy end of the spectra. A polariton waveguiding model was

proposed to explain these interesting phenomenons.
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Magnetic-resonance enhanced second harmonic generations in

metamaterials
ittt

Shiwei Tangl, Hao Xu', Lei Zhoul, and Y. Ron Shen?
1)Physics Department, Fudan University, Shanghai 200433, China
2)Department of Physics, University of California, Berkeley, California 94720, USA

Abstract

We have obtained spectra of second-harmonic generation from a fishnet metamaterial
around its magnetic resonance. The resonant behaviors are distinctly different from those
for ordinary materials. They result from the fact that the resonance is plasmonic, and its
enhancement appears through the local field in the nanostructure. Then we have obtained
by numerical calculations on second harmonic generations in some optical metamaterials,

which are in excellent agreement with the experiments.
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Field Effect Transistor of Graphene Junctions:

Monolayer-Bilayer-Monolayer

Wei Li and Ruibao Tao=

Department of Physics, Fudan University, Shanghai 200433, China
(Dated: April 26, 2009)

o

Abstract
We investigate theoretically electron transport properties through the field
effect transistor (FET) junctions of graphene monolayer-bilayer-monolayer
structure, which could be controled by the external applied gate voltage
between up- and down-layer of bilayer region. By using the tight-binding
approximation and Landauer-B"uttiker formalism combined with the
nonequilibrium Green function
approach, the conductance and current-voltage (I-V) curve have been studied
within small bias voltages in the longitudinal direction. Our numerical results
show that the I-V curve of the device shows an interesting negative
differential resistance (NDR) features at a certain external applied gate
voltage. This new physics finding is helpful for us to gain more insights about
carrier transport in graphene FET junctions and to design graphene-based

nanoelectronic devices.
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Local field enhancement on the basis of SPPs phenomena

Z.An, C.Qu
Jer TR
Abstract
We try to realize local field enhancement on the basis of effective SPPs phenomena.
Metallic surface structure is used. When an TEM incident wave arrives at the surface, the
local resonance will occur. As a result, in near-field scale, it provides quite high-amplitude
electric field vector which is perpendicular to the horizontal plane.
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Thickness-Dependent Oscillatory Magnetic Anisotropy in

Single-Crystalline Fe Films

e

The electrons in the ultrathin films with nanometer scale could be confined to form
quantum well states (QWS), which could result in novel oscillatory behaviors of physical
properties as a function of film thickness. For example, like the oscillation of the interlayer
exchange coupling. In this poster, we report our study of the step-induced in-plane
magnetic anisotropy of Fe thin film grown on Ag(1,1,10) vicinal surface by Magneto-Optic
Kerr Effect (MOKE). The strength and the easy axis direction of the uniaxial magnetic
anisotropy exhibits a novel thickness-dependent oscillatory behavior with a periodicity of
5.7 monolayers with the temperature below 200K. Such anisotropy oscillation is attributed
to the QWS of the d-electrons at the Fermi level of the Fe film, which is different from
most of the other oscillatory properties due to the QWS in non-magnetic layers.
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Superconductivity and other instabilities in the two-dimensional

extended Hubbard model

IRt
Hui-Min Chen and Chang-Qin Wu

We investigate the competition between d-wave superconductivity (dSC) and
antiferromagnetism (AF) in the extended Hubbard model on a two-dimensional square
lattice by using the variational cluster approach (VCA). This method allows us to study the
offsite interaction effect on the ground state and the excitation energies of system. We find
the superconductivity favors offsite repulsion compared with attraction. On the other hand
we study the possibility of another instability, so called “Pomeranchuk instability”,
characterized by the Fermi surface deformation which breaks the the point-group symmetry
of the lattice structure.
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Design of cloaks with both thermal and electric cloaking

HH—

Based on the transformation method, we provide a design to implement a bi-function cloak
with both thermal and electric cloaking. In this design, we propose a homogenized
composite medium, in which metal particles are embedded in the adiabatic and insulating
material, to realize the acquired values of thermal and electric conductivities. To analyse the
details of the artificial structure and property of the cloak, the anisotropic effective medium
theory (AEMT) is used as a generally practical method to control the shape and volume
fraction of the metal particles in our composed material and COMSOL simulation will
provide a support to the proposed cloak.

Authors:

J.Y. Liand J. P. Huang
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The internal tunneling effect in an entangled cold atom condensate
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The optical properties of surface-microstructured metal film

TR IR
Saifeng Zhang, Li Zhao, Physics Department of Fudan University, Shanghai

Abstract: The light absorption, from 0.3 to 16.7 micrometer, of the
surface-microstructured silicon and the coated metal film has been investigated. It shows
significantly enhanced light absorption over such a wide wavelength range. In order to get
the properties of pure surface-microstructured metal film, we develop a method to replicate
the microstructure from silicon surface to PDMS. Then we can deposit a metal film (Au, Ag,
etc.) on it. The optical properties of PDMS and the coated metal film have been
investigated. The results can partly reflect the light absorption of pure metal film in the
visible range. It opens up possibilities for potential applications in optoelectronic and
detector fields, such as infrared detectors, stealth technology, silicon solar cells, and so on.
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Magnetic control of light—matter coupling for a single InAs

quantum dot embedded in a microcavity

{FHUE
Qijun Ren,1Jian Lu,1 H. H. Tan,2 Shan Wu,3 Liaoxin Sun,1 Weihang Zhou,1 Wei Xie,1 Yanjing Lin,1 Yongyuan Zhu,3 C.
Jagadish,2 Zhanghai Cheniand Xuechu Sheni
1State Key Laboratory of Surface Physics, Department of Physics, Fudan University, Shanghai, 200433, China
2Department of Electronic Materials Engineering, Research School of Physical Sciences and Engineering,
Australian
National University, Canberra, ACT 0200, Australia
sNational Laboratory of Solid State Microstructures, Nanjing University, Nanjing 210093, China
We report the design, fabrication and optical investigation of the magnetically tunable
singlequantum dot — micropillar cavity system. Unlike other studies where cavity-quantum
dot spectralresonance was achieved by temperature tuning, we demonstrate that Zeeman
effect of excitonsconfined in a single quantum dot is an efficient method to tune the
guantum dot-cavity couplingsimply by varying the magnetic field. The tuning range of
single quantum dot exciton transitions
can be as large as ~0.7 meV, which is much larger than the cavity mode linewidth (~0.3
meV).This enables us to tune the quantum dot emission into resonance with the
fundamental cavity mode easily. An enhancement of the quantum dot emission due to the
Purcell effect was also observed. Our results provide an alternative for realizing
cavity-quantum dot based single photon devices.
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Temperature Control the Ptoton-Exciton Coupling for a

Quantum Dot Embedded in Pillar Microcavity
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Semiconductor microcavity that provide non-classical light states, offer unique means of
controlling light-matter interactions in confined geometries and have a broad range of
applications in quantum information science including single-photon sources, quantum
computation and quantum communication. In recent years, cavity quantum electrodynamics
(QED) effects have been studied in varieties of solid-state systems. Here, we present a
direct approach for the fabrication of self-assembled III-V quantum dots embedded in a
pillar microcavity utilizing focused ion beam (FIB) etching. By tuning the temperature to
control the coupling of the quantum dots with a discrete cavity mode, we observe a
considerable Purcell enhancement effect and the temperature dependent behavior of single
quantum dot is also studied.
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Exciton activity in organic PV cell based on phosphor doped

materials using endothemic energy transfer
I

M. Lu, X. M. Ding, X. Y. Hou

Surface Physics Laboratory (National Key Laboratory), Fudan University

Phosphor dye tris(2-phenylpyridine) iridium(III)(Ir(ppy)s) doped to Hole transport donor
N,N'-Bis(3-methylphenyl)-N,N'-bis(phenyl)benzidine(TPD) has been investigated using
transient absorption measurement of thin film and power conversion -efficiency
measurement of OPVC device. We presume that based on the mechanism of endothemic
energy transfer this doped system can convert PL singlet exciton in host materials to triplet
exciton conveniently. Then the triplet exciton with long diffusion length can easily arrive to
interface and consequently increase the probability of exciton dissociation. Using transient
absorption measurement we found that triplet exciton in this doped thin film with low
doped concentration have long excited state lifetime. We also study OPVC device with the
construct Ir(ppy);:TPD/C60/Alg/Al. This device has higher power conversion efficiency
with thicker absorption host layer than the traditional OPVC device with CuPc.
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Condensation of exciton-polaritons at room temperature
R
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abstract

We report one dimensional exciton-polariton dispersion in ZnO whispering gallery-like
micro-rod at room temperature through angle resolved fluorescence spectrometry. The
experiment results agree well with the theoretical calculation based on coupled oscillators
model. By increasing pump power, we observe the condensation of polariton at the ground
state of k-space at the threshold. Moreover, when pump power further increases, the
adjacent WG polariton mode with lower energy is remarkably populated by
polariton-polariton scattering process.
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Electronic structure and band analysis of Transition-Metal

Dichalcogenide: 2H-TaSe2

LUK
Abstract

Mechanism of Charge Density Wave (CDW) transition in Low-Dimension materials still
keeps in mystery since it was firstly discovered in last century. Thousands of papers have
been published to try to uncover it, which keeps this issue still popular up to now.

We here show some ARPES result of the Two-dimensional material 2H-Tasez2. From the
Fermi surface mapping below and above transition temperature (Tc), the reconstruction
can be clearly seen, which implies to forming a CDW state. Detailed band-cut temperature
dependence has been operated, that locates in some high symmetry position in first
Brillouin zone, from which we can clearly see the band gap has been opened, and the
energy to the system is lower than normal phase. We still do the auto correlation analysis
to make sure its CDW vector. All above data seems to support the mechanism of Fermi
surface nesting mechanism. But in a EDC comparison we found some unusual behavior
which could not well explained by latest theoretical results, that implies a new model
dominating in this material.

C. He
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Induced S-barrel Formation of the Alzheimer’s Af25-35

Oligomers on Carbon Nanotube Surfaces

N
Abstract:

Carbon nanotubes have shown potential applications that range from nanodevices, gene
therapy, and drug delivery to templates for biomolecule assembly. Recent experimental
studies show that carbon nanotubes also impact the aggregation process of proteins
associated with neurodegenerative diseases. However, the details of molecular interactions
between proteins and carbon nanotubes are still not well understood. In this study, we
investigate the initial adsorption features and dynamics of the Alzheimer’s amyloid-f3
peptide spanning residues 25-35 (AP25-35) on a single-walled carbon nanotube (SWNT)
surface using fully atomic molecular dynamics simulations (MD) in explicit solvent. The
initial configurations of the APB25-35 peptides consist of two pre-formed bi-layer B-sheets,
each with four- or five B-strands in parallel or mixed parallel-antiparallel orientations. Our
simulations for the first time show that two disjointed AP25-35 B-sheets with mixed
parallel-antiparallel strands can assemble into B-barrels wrapping the SWNT. In contrast,
both simulations of AP25-35 without SWNT, and simulations of SWNT-APB25-35 with
purely parallel B-strands, lead to disordered aggregates. We find that AB25-35 B-barrel
formation involves at least two steps: (i) curving of the AP25-35 B-sheets as a result of
strong hydrophobic interactions with carbon nanotube concomitantly with dehydration of
the SWNT-peptide interface, (ii) inter-sheet backbone hydrogen bond formation with
fluctuating intra-sheet hydrogen bonds. Detailed analysis of the conversion reveals that
B-barrel formation on SWNT surface results from the interplay of dehydration and
peptide-SWNT/peptide-peptide interactions.
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